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TO 


THE    FOURTH     EDITION. 


In  this  edition,  some  altLrations  and  extensive  additions 
have  been  made.  Chapter  I.  remains  generally  as  before, 
the  alterations  being  comparatively  small  ;  in  the  portion 
devoted  to  Sections  of  Flow,  the  quotation  from  Neville's 
work  has  been  expunged,  and  that  subject  has  been 
newly  treated  ;  in  the  portion  devoted  to  Distribution  of 
Velocity  in  Section,  full  advantage  has  been  taken  of 
the  deductions  made  by  Major  Allan  Cunningham,  and 
these  have  been  inserted  with  his  consent,  but  also  with 
some  modification  for  which  he  is  not  responsible  ;  the 
references  to  Box's  work  and  to  Stoddard  and  Dwyer's 
works  have  been  entirely  expunged  ;  and  the  whole 
chapter  has  been  revised. 

In  Chapter  II.,  a  summary  of  the  methods  of 
gauging  and  of  the  operations  of  Major  Allan  Cunning- 
ham in  his  recent  experiments  on  the  Ganges  Canal,  has 
been  added.  This  has  been  reprinted  from  'Engineering' 
with  the  consent  of  the  editor,  and  with  that  of  Major 
Cunningham.     This  chapter  has  also  undergone  revision. 
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In  Chapter  III.,  the  section  on  Irrigation  in  Italy, 
being  partly  statistical,  has  been  removed,  and  the  sec- 
tions on  Irrigation  from  Wells  in  India  and  on  Indian 
]  lydraulic  Contrivances  have  been  omitted.  Other  sections 
on  Field  Drainage,  on  the  Ruin  of  Canals,  and  on 
Water-Meters  have  been  added.  Most  of  the  sections 
in  this  chapter  are  modified  reprints  of  articles  originally 
written  for  *  Engineering/  that  have  been  reproduced  with 
the  consent  of  the  editor  of  that  paper. 

The  working  tables  have  been  increased  from  a 
hundred  to  a  hundred  and  eighty  pages,  and  enlarged  in 
other  respects ;  they  have  also  undergone  some  rearrange- 
ment, though  not  sufficient  to  confuse  those  accustomed 
to  the  use  of  the  tables  in  their  old  form. 

As  the  Hydraulic  Statistics  would  render  this  book 
too  bulky,  they  will  probably  be  published  in  a  separate 
volume  after  enlargement. 

It  may  be  noticed  that  although  this  book  has  pro- 
gressively enlarged  in  size  and  come  into  more  common 
use  since  its  first  edition,  started  in  1868,  was  written, 
the  same  general  principles  have  been  adhered  to  from 
the  commencement ;  the  same  limited  object  has  been 
kept  in  view ;  and  the  same  opposition  to  old  hy- 
draulic text-books  and  old  formulae  has  been  un- 
swervingly advocated.  But  the  methods  formerly  treated 
as  Ishmaelitic  by  the  professional  public  are  now  fully 
recognised  as  being  in  accordance  both  with  sound  rea- 
son and  with  extensive  experiments ;  and  the  book  has 
become  a  standard  text-book  in  India,  in  Russia,  and  in 
the  English-speaking  colonies,  as  well  as  a  familiar 
book  of  reference  in  England  and  in  the  United  States 
of  America. 
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For  this  development  in  its  early  stages  much  grati- 
tude is  due  to  several  persons  who  did  not  spare  labour  in 
examining  these  principles  and  proposals,  or  in  further- 
ing their  acceptance  by  the  professional  public  ;  among 
them  more  especially  to  the  editors  of  *  Engineering/ 
from  1868  till  now;  to  General  Sir  Richard  Strachey 
and  Colonel  Yule,  Members  of  the  Council  of  India ;  to 
General  Boileau,  R.E.,  Clements  Markham,  and  Mr. 
Black  ;  to  General  Gorloff,  Military  Attach^  to  the 
Russian  Embassy,  and  to  Admiral  Possiett»  Minister  for 
Public  Works  ;  to  B.  Baker,  and  to  J.  F.  Schwartz  and  W. 
D.  Haskoll,  civil  engineers  ;  to  Mr.  R.  Hering,  CE^  of 
Philadelphia,  and  to  Mr.  Theodore  G.  Ellis,  of  Hertford, 
Connecticut.  Besides,  recognition  is  due  to  several  kmd 
friends  for  their  support  and  countenance  ;  to  all  the 
fullest  acknowledgment  is  offered. 

The  typographic  arrangement  of  the  tables  has  been 
remodelled  under  special  instructions,  and  will,  it  is  hoped, 
render  reference  more  convenient,  and  reduce  risk  of 
error  in  working  with  them. 

Although  the  science  of  hydraulics  has  not  yet 
arrived  at  such  a  stage  that  results,  obtained  from  tables 
on  che  most  modem  and  correct  principles,  can  be  pre- 
sumed to  be  accurate  within  $  per  cent.,  it  is  yet  a 
matter  for  congratulation  that  the  errors  can  be  now 
reduced  to  somewhere  near  this  amount  generally. 
Formerly,  under  the  methods  of  Dubuat,  De  Prony,  and 
Bazin,  Beardmore,  Leslie,  and  others,  the  liability  to  large 
error,  50  per  cent,  and  more,  was  serious  ;  and  English 
hydraulicians  were  behindhand  in  such  matters.  Now, 
the  laborious  experiments  of  Major  Cunningham  on  large 
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canals  have  settled  matters  on  a  stable  basis,  and  placed 
the  English  far  in  advance  of  their  Continental  contem- 
poraries. A  new  era  of  steam  traffic  on  canals  for  heavy 
goods  may  perhaps  lead  to  further  progress. 


London  :  December  1880 


L.  D'A.  J. 


The  publication  of  Major  Cunningham's  large  work, 
comprising  accounts  of  the  whole  of  his  experiments, 
has  caused  large  additions  to  be  made  to  this  book 
during  its  passage  through  the  press. 


London  :  Septemhtr  1882. 


L.  D'A.  J. 
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CHAPTER  I. 

EXPLANATION  OF  THE  PRINCIPLES  AND  PORMULiE 
ADOPTED  IN  CALCULATION  AND  APPLIED  IN 
THE  WORKING  TABLES. 

I.  Hydrodynatnic  Theories.  2.  Notation  and  Symbols.  3.  Rainfall, 
Supply,  and  Flood  Discharge.  4.  Storage.  5.  Discharges  of  Open 
Channels  and  Pipes.  6.  The  Hydraulic  Section  of  Channels  and 
Pipes.  7.  The  Hydraulic  Slope.  8.  Distribution  of  Velocity  in 
Section.  9.  Discharges  of  Rivers.  10.  Bends  and  Obstructions. 
II.  Discharges  of  Orifices,  Sluices,  and  Weirs.  12.  Discharge  from 
Basins,  Locks,  and  Reservoirs. 


I.  Hydrodynamic  Theories. 

The  science  of  hydraulics,  yet  in  its  infancy,  may  be 
said  to  depend,  as  far  as  its  practical  application  by  the 
hydraulic  engineer  is  concerned,  on  a  combination  of 
certain  known  laws  with  the  empirical  results  of  obser- 
vation and  experiment ;  the  former  few  in  number,  and 
eliminated  principally  by  the  philosophers  and  mathe- 
maticians of  the  past ;  the  latter  also  few,  and,  if  we 
except  the  old  observations  which  were  carried  out  on 
a  very  petty  and  limited  scale,  exceedingly  modern. 
Previous  to  the  experiments  of  d'Arcy  in   1856,  little 
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was  known  about  the  velocities  and  discharges  through 
pipes ;  until  the  operations  of  Captains  Humphreys 
and  Abbot  on  the  Mississippi  in  1858,  the  discharge  of 
large  rivers  was  a  comparatively  unexplored  subject ;  in 
1865  the  experiments  of  Bazin  led  the  way  to  a  more 
accurate  knowledge  of  the  discharges  and  velocities  of 
water  in  small  channels  and  culverts,  and  the  effects  of 
roughness  of  surface  and  variety  of  material  on  these 
velocities.  In  1870  Kutter  and  Ganguillet,  from  obser- 
vations on  Swiss  hill-streams,  deduced  a  more  exact  law 
for  effect  of  declivity  on  discharge,  and  besides  added 
greatly  to  the  knowledge  of  effect  of  roughness.  In 
1880  the  extensive  experiments  of  Captain  Allan  Cun- 
ningham on  the  Ganges  Canal  had  substantiated  the 
truth  of  Kutter's  laws  when  applied  to  very  large  canals, 
and  dealt  the  final  blow  to  the  velocity-formulae  of  all 
the  older  hydraulicians. 

Before  1856  the  less  important  subjects  alone  had 
been  investigated  to  any  practical  purpose,  such  as  the 
vena  contracta,the  discharges  through  small  orifices,  over 
certain  forms  of  overfall,  and  through  short  and  small 
pipes,  the  discharges  from  reservoirs,  and  the  velocities 
in  troughs  18  inches  wide.  There  was,  however,  plenty 
of  theory,  and  a  large  number  of  formulae,  some  of  them 
exceedingly  complicated  in  form,  mostly  resulting  from 
a  number  of  superimposed  theories,  the  more  ancient  of 
which  were  based  on  very  limited  experiments :  in  fact, 
the  mode  often  adopted  seems  to  have  been  to  assume 
a  new  form  of  formula,  and  to  prove  it  by  a  few  partial 
experiments,  a  principle  worthy  of  ancient  soothsayers, 
and  which,  had  it  been  further  supported  by  traditionary 
and  name-revetencing  hydraulic  schools  of  believers, 
could  only  have  resulted  in  prolonged  and  permanent 
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error.  Even  now  a  reference  to  some  works  com- 
paratively recently  published  in  England  will  show 
formulae  to  be  supported  by  a  most  heterogeneous  col- 
lection of  experimental  data  ;  discharges  of  pipes  irre- 
spective of  their  material  or  internal  surface,  of  large  and 
small  rivers  irrespective  of  the  quality  of  their  beds  and 
the  bends  in  their  courses,  of  canals  in  any  material, 
down  to  wooden  troughs,  all  seem  to  prove  the  correct- 
ness of  a  fixed  formula  having  an  unvarying  constant 
coefficient  Other  works  again,  having  greater  accuracy 
of  result  in  view,  go  to  the  opposite  extreme  in  method 
and  recommend  the  adoption  of  two  distinct  formulae  for 
cases  in  which  the  principles  involved  do  not  vary  in  the 
least,  as  for  instance,  in  discharges  through  pipes  with  low 
velocities,  a  formula  distinct  from  that  for  those  with 
high  velocities  is  often  adopted ;  this,  amounting  to  a 
method  of  successive  approximation  imperfectly  worked 
out,  is  almost  as  unfortunate  as  the  other.  From  a  con- 
tinuance of  this,  however,  the  modern  experiments  have 
already  saved  us  to  a  great  extent,  and  further  and  more 
extended  experiment  will  probably  relieve  us  from  it 
altogether. 

Taken  generally,  the  mass  of  hydraulic  science  and 
of  hydraulic  data  bearing  on  the  flow  of  water  under 
various  conditions,  prior  to  about  1856,  may  be  con- 
sidered superannuated,  defective,  and  often  excessively 
misleading.  Old  hydraulic  data,  such  as  discharges  of 
rivers,  canals,  and  pipes,  seldom  can  afford  the  means  of 
arriving  near  the  truth,  unless  accompanied  both  by  the 
formulae  used  by  the  observer,  and  by  a  large  number  of 
conditions  of  the  case,  then  mostly  neglected. 

At  present  the  hydraulic  engineer  is  still  quite  as 

dependent  for  correctness  of  calculated  result  on  the  so- 
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called  empirical  data,  obtained  by  experiment  and  put 
into  convenient  form,  as  on  purely  abstract  theories  or 
laws.  The  correct  application  of  all  known  mechanical 
laws  cannot,  however,  fail  to  be  valuable  in  cases  admit- 
ting of  them  ;  those  relating  purely  to  hydrodynamics 
are  comparatively  few,  and  the  most  important  and  best 
known  of  them  are  the  four  following : — 

Firsts  uniform  motion, — If  fluid  run  through  any  tube 
of  variable  section  kept  constantly  full,  the  velocities  at 
the  different  sections  will  be  inversely  as  the  areas,  or 

A  v=A'  r. 

This  theory  of  uniformity  of  motion  is  also  sup- 
posed to  hold  generally  with  reference  to  mean  velocities 
of  discharge  in  open  channels  under  constant  supply. 
This  is  actually  little  more  than  assuming  a  theoretical 
velocity  that  will  fulfil  the  conditions  of  the  law,  in  order 
to  render  calculation  convenient,  for  there  is  no  reason 
to  believe  that  actual  velocities  in  a  tube  of  variable  sec- 
tion would  all  vary  inversely  with  the  area  of  cross 
section. 

Second,  velocity  of  issue, — The  velocity  of  a  fluid 
issuing  from  an  orifice  in  the  bottom  of  a  vessel  kept 
constantly  full,  is  equal  to  that  which  a  heavy  body  would 
acquire  in  falling  through  a  space  equal  to  the  depth  of 
the  orifice  below  the  surface  of  the  fluid,  which  is  called 
the  head  on  the  orifice  ;  or  by  way  of  formula 

where  fl'=:the  head  and  gr= force  of  gravity.  The 
quantity  g  represents  the  accelerating  force  of  gravity, 
which  varies  at  different  places  on  the  earth's  surface  and 
elevations  above  the  mean  sea  level,  and  is  also  affected 
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by  the  spherical  eccentricity  of  the  earth  at  the  place,  a 
quantity  that  again  varies  with  the  latitude ;  above  the 
earth's  surface  g  varies  inversely  with  the  square  of  the 
distance  from  the  earth's  centre,  below  the  earth's  sur- 
face direct  with  the  distance  from  the  earth's  centre ;  to 
obtain  the  exact  value  of  gr,  d'Aubuisson's  formulae 
applied  to  English  feet  are— 

r = 20 887  540 (1  +  0001  64 cos 2  V) 

flr= 32-1695 (1+0-002 84 cos 2  0   (l--). 

The  values  of  this  formula  for  different  latitudes  and 
elevations  are  given  in  Working  Table  No.  I.,  and  the 
values  of  gr,  obtained  from  observation  at  different  lati- 
tudes, are  given  in  Table  No  I.  of  the  Hydraulic 
Statistics.  For  purposes  of  ordinary  calculation  in 
England,  and  hence  throughout  these  tables,  g  is  gene- 
rally taken  as  32*2  feet  per  second  ;  in  India,  however, 
it  would  be  more  correct  to  use  32*1  ;  but  the  con- 
venience of  using  English  data  will  probably  outweigh 
the  need  of  this  exactness  until  the  science  of  hydraulics 
can  arrive  at  higher  accuracy. 

The  above  theory  supposes  that  the  orifice  is  inde- 
finitely small,  and  neglects  the  conditions  and  size  of 
its  sectional  area,  friction,  the  pressure  of  the  atmosphere, 
and  the  resistance  of  the  air  to  motion  (which  increases 
with  the  square  of  the  velocity  of  the  issuing  fluid) ;  the 
practical  application  of  it  that  shows  its  discrepancies 
most  strongly  \s  the  fact  that  the  height  of  a  jet  is  never 
equal  to  the  head  of  pressure  on  it 

Thirdy  general  theory  of  flow, — This  is  a  combina- 
tion of  the  two  previous  theories  in  a  modified  form, 
assuming  both  uniform   motion  and   the  principle  of 
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gravitation,  and  is  best  expressed  in  the  form  of  a 
formula — 

V=(JgRS)^ 

where  V  =  the  mean  velocity  generated, 

R  =  the  mean  hydraulic  radius  of  the  water- 
section, 

8  =  the  hydraulic  slope  or  sine  of  the  slope  of  the 
water-surface. 

This  formula  is  a  simple  equation  of  the  accelerating 
force  of  gravity  down  an  incline  with  the  retarding  force 
of  friction  at  any  section  at  right  angles  to  the  course  of 
flow,  namely  : — 

since,  for  uniform  motion,  the  total  accelerating  force  is 
equal  to  the  total  resistance. 

This  theory  is  the  basis  of  calculation  of  flow  in  full 
tubes,  and  in  open  channels  and  unfilled  pipes,  where 
the  principle  still  holds,  but  /  then  becomes  a  sym- 
bolic representation  of  retardation  due  to  a  combina- 
tion of  various  causes,  including  direct  friction  on  the 
general  incline  at  the  given  section. 

Fourth^  the  principle  of  retardation. — This  is  repre- 
sented by  a  collection  of  various  small  formulae  and 
methods  of  making  allowance  for  loss  of  velocity  under 
different  conditions  by  a  calculated  head.  These  retard- 
ations may  be  introduced  into  any  general  formulae, 
or  may  be  treated  separately.  The  ordinary  sources  of 
retardation  are : — 

I.  Roughness  of  surface,  varying  from  that  of  polished 
glass  to  rock-strewn  or  deeply-incised  rocky  torrent- 
beds  ;  also  surface-adhesion  of  liquids. 
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2.  Irregularity  of  form,  varying  from  that  of  a  re* 
cently  made  and  trimmed  rectilinear  canal  of  one  single 
uniform  inclination  and  direction  down  to  that  of  a  river 
bed  consisting  of  an  infinity  of  heterogeneous  planes 
and  curved  surfaces.  Any  departure  from  uniformity, 
lateral  and  vertical  deviations  and  bends. 

3.  Varying  head,  inconstant  pressure,  diminution  of 
supply,  loss  of  effective  head  from  excess  of  withdrawal. 

4.  Contraction  at  exit,  want  of  perfect  freedom  of 
fall,  backwater,  contraction  of  passage,  obstacles. 

5.  Air  resistances  and  effect  of  wind  ;  atmospheric 
pressure  ;  differential  liquid  pressure  internally. 

6.  Low  specific  gravity  of  the  liquid  in  motion,  tur- 
bidity, viscosity,  and  variation  in  weight. 

7.  The  effect  of  variation  of  heat  inducing  motion 
in  the  liquid,  and  thus  producing  perturbation,  and  the 
minute  effects  of  local  change  of  temperature  generally. 

8.  Absorption  of  velocity  by  yielding  material, 
which  may  imperfectly  deflect  velocity,  and  partly 
absorb  direct  action. 

However  rigid  these  theories  may  appear  in  neglect- 
ing important  points,  they  are  yet  generally  true  in  the 
abstract,  and  no  substitutes  for  them  have  yet  been 
discovered  ;  the  consequence  is  that  all  hydraulic  calcu- 
lations are  made  to  depend  on  them,  their  defects  being 
compensated  by  using  experimental  coefficients.  It 
becomes,  therefore,  one  of  the  important  duties  of  a 
hydraulic  engineer  to  apply  these  principles  with  care 
and  circumspection,  especially  guarding  against  taking 
for  granted  the  formulae  and  tabular  results  of  different 
calculators,  which  vary  in  form  and  in  result  to  a  very 
great  extent ;  some  authors  even  giving  a  half  more 
discharge  than  others  as  due  to  the  same  data.     During 
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practical  work,  time  forbids  a  lengthy  examination  of 
principles  ;  for  this  reason,  therefore,  this  short  chapter 
is  given  as  an  easy  guide  to  the  proper  management 
and  application  to  every-day  wants  of  the  Working 
Tables  that  follow. 


2.    Notation,  Symbols,  and  Units  of  Measure. 

To  ensure  clearness  and  rapidity  of  application  of 
these  theories,  it  is  absolutely  necessary  that  the  nomen- 
clature should  be  neither  doubtful  nor  inconvenient, 
that  the  symbols  be  free  from  confusion,  and  the  units 
of  time,  weight,  and  measurement,  once  adopted,  gene- 
rally adhered  to  as  much  as  possible ;  this  alone  can 
cause  the  form  of  a  formula  to  give  at  a  glance  any 
definite  idea  of  the  values  of  its  terms  and  expressions. 
Decimalised  measures  are  also  necessary  for  the  same 
purpose. 

The  English  foot  has  been  generally,  though  not 
quite  exclusively,  adopted  in  this  work  as  the  unit  of 
length,  surface,  and  capacity,  being  the  measure  ordi- 
narily used  for  heights  and  depths,  as  well  as  distances 
in  survey  work,  and  being  now  more  capable  of  ex- 
tended application  than  either  the  yard,  link,  or  inch. 
The  footweight,  or  weight  of  a  cubic  foot  of  water  at  its 
utmost  density  (the  English  talent),  has  been  taken  as 
the  unit  of  weight,  being  now  a  recognised  legal  stan- 
dard unit  The  whole  system  of  decimal  measures 
founded  on  these  are  on  the  scientific  scale  at  32** 
Fahrenheit,  so  as  to  afford  exact  correspondence  be- 
tween cubicity  and  weight,  and  to  admit  of  facile  con- 
version to  metric  values.  The  second  has  been  gene- 
rally taken  as  the  unit  of  time,  so  that  the  numbers 
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expressing  discharges  and  velocities,  which  often  are 
high  numbers,  may  be  as  small  as  possible.  This  has 
been  found  to  be  perfectly  manageable  in  practice.  In 
the  canal  departments  of  Northern  India  the  engineers 
have  succeeded  in  abolishing  poles,  yards,  and  inches 
from  their  plans,  estimates,  and  calculations,  and  in  ad- 
hering generally  to  the  second  as  a  unit  of  time  ;  they 
have  also,  on  the  Ban  Doab  Canal,  adopted  the  old 
London  mile  of  S  000  feet  to  the  exclusion  of  the  statute 
mile  of  S  280.  The  league  of  two  such  miles,  or  10  000 
feet,  being  a  decimal  unit,  is  now  far  preferable.  The 
acre,  pole,  and  old  Gunterian  chain  of  4  poles  being 
highly  inconvenient,  the  substitutes  for  these  are  the 
rod  of  10  feet ;  the  chain  of  100  feet  (Ramsden*s) ;  the 
square  chain  of  10  000  feet,  nearly  a  rood  ;  the  century, 
or  square  cable,  of  100  square  chains  ;  and  the  square 
league  of  100  centuries.  This  decimal  system  of  mea- 
sures, though  retaining  the  use  of  a  familiar  unit,  and 
saving  much  needless  labour  in  calculation,  at  the  same 
time  has  some  difficulties  to  contend  with,  the  principal 
of  which  are  the  old  habits  of  measuring  water-supply 
for  towns  in  gallons  instead  of  cubic  feet,  and  of  using 
dimensions  of  pipes  in  inches,  instead  of  tithes  or  tenths 
of  a  foot,  estimating  pressure  on  the  square  inch  instead 
of  on  the  square  foot  and  square  tithe  ;  these  obstacles 
will  probably  gradually  disappear. 

As  regards  the  French  metric  system,  although  it  is 
now  adopted  for  external  commerce  in  most  civilised 
countries  in  Europe,  there  seems  little  chance  of  its  en- 
tirely replacing  our  own  measures.  English  scientific 
measures  are  naturally  more  convenient  for  an  English- 
man to  think  and  calculate  in,  and  are  in  closer  accord- 
ance with  English  commercial  units  adopted  in  trade, 
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manufactures,   and   contractors*   plant  and  appliances ; 
besides,  natural  units  are  preferable  to  artificial  ones. 

The  hydraulic  engineer  more  especially  can  adopt 
the  decimal  system  of  measures  based  on  the  English 
foot  with  extreme  convenience ;  nor  apparently  are 
there  any  very  good  reasons  why  the  railway  engineer 
should  not  do  so  also,  except  perhaps  the  tradition- 
loving  habits  of  the  multitude,  and  the  meddlesome 
legislation  in  social  matters  under  which  we  suffer, 
,  which  enforces  on  him  the  adoption  in  Parliamentary 
plans  of  the  whole  of  the  old  measures,  with  the  alter- 
native of  using  foreign  measures.  This  difficulty  will 
perhaps  be  eventually  removed  by  permissive  legisla- 
tion, allowing  the  use  of  the  complete  English  decimal 
series  for  all  technical,  engineering,  and  scientific  pur- 
poses, apart  from  ordinary  trade,  and  fixing  the  standards 
finally  on  the  principles  proposed  and  long  advocated  by 
the  author, — namely,  at  a  single  normal  temperature 
in  vacuo,  the  single  temperature  both  for  material  and 
for  water  being  that  of  the  maximum  density  of  dis- 
tilled water, — a  method  far  superior  to  the  dual  temper- 
ature of  the  French  system.  In  the  meantime  it  may  be 
remembered  that  decimalisation  on  any  English  units 
is  permissive  under  the  Act  of  1878,  thus  actually  in- 
cluding the  whole  of  the  English  decimal  scientific 
system ;  while  there  exists  no  legal  prohibition  of  the 
ad  interim  temperatures  32°  and  39®  in  vacuo  used  in 
French  measure. 

The  advantage  of  adhering  to  one  set  of  symbols  in 
hydraulic  formulae,  which  sometimes  appear  very  com- 
plicated, is  sufficiently  evident;  with  this  view,  there- 
fore, the  following  general  notation  is  drawn  up.  The 
velocity  notation  of  the  Mississippi  survey  is  also  attached 
for  purposes  of  reference. 
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General  Notation, 

jPs  the  rainfall  expressed  in  depth. 

^B catchment  area  drained. 

Q^  quantity  of  water  discharged  in  cubic  feet  per  second. 

K «  mean  velocity  of  discharge  in  feet  per  second. 
Vx  ^^  corresponding  maximum  velocity  in  the  same  section. 

U=  verticsdic  velocity,  or  velocity  past  a  vertical  line  or  axis. 
T  ^  transversalic  velocity,  or  velocity  past  a  transversal,  or  transverse  axis. 

il  =  sectional  area  ;  a,  a„  a,,  subsidiary  areas. 

P«  wetted  sectional  perimeter,  exclusive  of  the  surface-width,  W. 

J?«the  mean  hydraulic  radius  =^. 
J^js  diminished  hydraulic  radius  = 


A 

JZ,  a  augmented  hydraulic  radius  «^ — -, 

iSf  a  hydraulic  slope  or  gradient  in  terms  of  its  sine«-y; 

thus  8=  -L»  0-002  for  a  slope  of  1  in  600. 
600  ^ 

L^2k  longitudinal  length  taken  in  the  direction  of  flow. 

ifa  the  fsdl  on  any  sudi  length  ;  or  a  vertical  head  of  pressure. 

A  I- difference  of  level  of  the  water  surface  at  the  two  ends  of  Z. 

A^a  the  part  of  h  consumed  in  overcoming  longitudinal  channel  resistances, 

for  a  straight,  regular  course. 

A^^sthe  part  of  h  consumed  in  overcoming  transverse  channel  resistances 

or  irregularities. 

ir«  a  transverse  width  at  water  surface  across  the  direction  of  flow. 

i>=>a  vertical  depth  from  surface  level. 

B-2l.  bed-width  or  bottom-width  of  a  section. 

Ta  total  time  of  discharge ;  t^  f |,  t^  subsidiary  times. 

fi*  coefficient  of  roughness  and  irregularity  combined. 
m«fi  (41-6  +  0*00281  x  i),  a  combined  variable. 

o 

\  a  coefficient  for  supply  from  catchments. 

<;  a  coefficient  for  mean  velocity  in  channel  discharges. 

<»  a  coefficient  for  orifice  and  overfall  discharges  and  velocities. 

^  a  velocity  acquired  by  gravity  in  one  second  =  32*2  feet  approximately. 

When  JT,  y.  It  are  rectangular  co-ordinates  taken  with  reference  to 
flowing  water,  the  following  conventional  arrangement  is  usual. 
m  is  taken  in  the  direction  of  flow,  or  longitudinally  ; 
y  is  taken  across  the  flow,  or  transversely  ; 
%  is  taken  vertically,  or  perpendicular  to  x. 

All  dimensions  are  generally  in  feet  and  decimals,  and  velocities  and 
discharges  are  in  feet  and  cubic  feet  per  second.  The  foot-weight  or 
talent  a  I  ooo  ounces,  is  the  unit  of  weight ;  its  multiple  is  the  rod-weight 
B I  cxx)  fwt.     For  decimal  multiples  and  submultiples  see  page  14. 
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CHAP.  L 


Velocity  Notation  of  the  Mississippi  Survey, 

V  -  mean  velocity  of  the  river. 

Fb  velocity  at  any  point  in  any  vertical  plane  parallel  to  the  current. 
Ta  velocity  at  a  point  20  feet  below  the  surface  at  a  distance  of  100  feet 
'**  "        from  the  base  line,  measured  along  the  bank. 
27'm  velocity  at  any  point  in  the  mean  of  all  vertical  planes  parallel  to  the 

current. 
£^«  grand  mean  of  the  mean  velocities  in  all  vertical  planes  parallel  to 

the  current. 
CT^M  the  mean  of  the  bottom  velocities  in  all  such  planes. 
w^Fss  velocity  at  any  depth  below  the  surface  at  a  perpendicular  distance 

Wf  from  the  base  line. 
FqB  velocity  at  the  saifact  in  any  vertical  plane  parallel  to  the  current. 
Fid  and  Fp  =  velocities  at  mid-depth  and  at  the  bottom  in  any  such  plane. 
V^  and  Vm  ■»  the  maximum  and  the  mean  velocities  in  any  such  plane. 
1F»  river  width  at  any  given  place. 
IP « perpendicular  distance  from  the  base  line  to  any  point  of  the  water 

surface. 
w,  a  perpendicular  distance  from  the  base  line  to  the  surface  fillet  moving 

with  the  maximum  velocity. 
2>  a  total  depth  of  river  at  any  given  point  of  surface. 
<f  as  depth  of  any  given  point  below  the  surface. 
d^=»dtpih  from  the  surface  of  the  fillet  moving  with  the  maximum  velocity 

in  the  assumed  vertical  plane  parallel  to  the  current, 
m  SB  depth  from  the  surface  of  the  fillet  moving  with  a  velocity  equal  to  the 

mean  of  the  velocities  of  all  fillets  in  the  assumed  vertical  plane 

parallel  to  the  current. 
A  V  maximum  or  mid-channel  depth. 
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As  it  may  be  convenient  to  the  reader  to  have  con- 
version tables  at  hand  for  reducing  the  quantities  of  water, 
&c,  given  in  foreign  works  on  hydraulics  into  English 
measure,  and  the  converse,  the  following  two  pages  are 
given  to  answer  this  purpose,  as  far  as  regards  the  English 
decimal  system. 

For  other  corresponding  purposes,  see  'Modem 
Metrology,*  London,  1882,  Lockwood,  and  *  Pocket 
Logarithms  and  other  Tables,'  London,  1880,  Allen. 
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CHAP.  I. 


COMPARISON   OF   FRENCH   AND    ENGLISH    DECIMAL 


In  English 
Commercial  Units 
at  62^  Fahrenheit 

s       I  "00029  foot 


I  -00057  sq.  ft. 


English  Scientific  Units 

Length 

Foot   - 10  tithes  (or  tenths) 
Rod      «10feet    . 
Chain  »:  10  rods  . 
Cable   =  10  chains 
League  =  10  cables 

Surface 

Square  Foot 

Square  rod 

Square  chain 

Sq.  cable  or  century  « 100  sq.  chains 

Square  league  « 100  centrs.   . 

Capacity 
Fluid  mU      »1000B.  doits  . 
Fluid  ounce  ^1000  fl.  mils- 1  cub.  tithe 
Cubic  Foot  « 1000  flozs. » xooocub.tithesa  i  -00086  cub.  ft. 
Cubic  rod     » 1000  cubic  feet 

Weight 
MU  » 1000  doits 

Ounce  (millesimal)         ^  1000  mils 
Foot  weight  or  talent  =  1000  ozs. 
Rod  weight  slOOOfwL 


100  sq.  tithes 
100  sq.  feet  . 
100  sq.  rods 


62*42454  lbs. 


French 
Scientific  Equivalent 

>  0*304  79  metres 
=  3-047  95  metres 

•  3*047  95  decametres 

»  3*047  95  hectom^res 
'•  3*047  95  kilometres 

»  9*289  97  d^  car. 
«  9*289  97  m^t.  car. 
-  9*289  97  ares 

•  9*289  97  hectares 

--  9*289  97  kil.  carr^s 

»  28*315  31  mill  cub. 
=  28*315  31  cent.  cub. 
=  28*31531  dec.  cub. 
=28*31531  ma.  cub. 

-28*315  31  milgr. 
» 28*315  31  grammes 
"28*315  31  kilog. 
-28*315  31  milliers 


COMPOUND    UNITS. 
Pressure. 


I  talent  (or  foot-weight)  per  sq.  foot 


»> 


f  * 


»> 


I  talent  (or  foot  weight)  per  square  tithe 
I  rod-weight  per  square  foot 


=  304*794  5  kilog.  per  mhX,  car. 
a     0*030  479  45  kilog.  per  cent.  car. 
"   30*479  45  milliers  per  m^t.  car. 
B  304*794  5  milliers  per  m^t.  car. 


Irrigation. 


I  cubic  foot  per  square  chain 
I  cubic  foot  per  century 
I  cubic  rod  per  century 


«  0*304  794  5  m^.  cub.  per  hectare 
—  0*003  ^7  9  ™^^-  cub-  per  hectare 
■s     3*047945     m^t.  cub.  per  hectare 


Power  and  Work. 

I  foot-talent  =     8*630  354  2  kilogramm^tres 

I  h.-p.  =  528  foot-talents  per  minute      .        =     i  -012  63  c.-v.  force  de  cheval 

Heat  and  Electro-magnetism. 
I  foot-mil  =     0*008  630  35  metre-grammes 

Simple  and  Compound  Units  of  Reduction. 

English  into  French 


Simple 
Square 


0*304  794  494 
0*092  899  683 


Cubic 
Fourth  power 


0*028  315  312 
0008630354 
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SCIENTIFIC    SYSTEMS    AT   32°   AND   39°   FAHR.    IN  VACUO. 


French  Scientific  Units 

Length 

MfeTRE        »10d(fdmkres  . 
Decametre  "==  10  metres 
Hectometre  » 10  d^cam^tres  . 
Kilometre    » 10  hectometres. 

Soriace 
MfeTRB  Carr£  »100  d^im.  car.  . 
Are  a  100  metres  cair6s 

Hectare  » 100  ares 

Kilometre  carr^  =- 100  hectares 

Capacity 
Litre 
Decalitre 
Hectolitre 

MfeTRB  CUBE 


>1  decim.  cube 
=  10  litres      . 
10  decalitres 
10  hectolitres 


Weight 
Milligramme 
Gramme 
Kilogramme 
Quintal 
MUlier 


1000  milligrammes 
1000  grammes     . 
■  100  kilogrammes 
1000  kilogrammes 


In  Eng]i<>h 
Commercial  Units 
at  62^  Fahrenheit 

s     3*281  83  feet 


10770  43  sq.  ft. 


=    35-346  83  cub.  ft. 


s2'204  62  lbs. 


English 
Scientific  Equivalent 

-  3'280  90  feet 

-  3*280  90  rods 
e  3-280  90  chains 

-  0*328  09  leagues 

»  10*764  30  square  feet 
=  10*764  30  square  rods 
>  10*764  30  sq.  chains 

-  0'  107  64  sq.  leagues 

=  35*316  58  fluid,  ozs. 

-  0*353  17  cubic  feet 

-  3*531  66  cubic  feet 
«35'316  58  cubic  feet 

=  35*316  58  doits 
->  3*331  658  mils 
-35*316  58  ounces 
«  3*531  66  footweight 
-=  35*316  58  footweight 


COMPOUND   UNITS. 


Pressure. 


I  kilogramme  per  metre  carr^ 
I  kilogramme  per  centimetre  carr^ 
I  millier  per  m^trc  carr6 
I  millier  per  centimetre  carr^ 


«  0*003  280  9  talents  per  sq.  foot 

-  0*328  089  9  talents  per  sq.  tithe 

»  3*280  899  talents  per  sq.  foot 

a  32*808  990  rod-weight  per  sq.  foot 


I  metre  cube  per  hectare 


Irrigation. 

a      3*280  899  cubic  feet  per  sq.  chain 
«=  328*089  9     cubic  feet  per  century 
—      0*328  090  cubic  rods  per  century 


Power  and  Work. 

I  kik)grammetre  -     0*115  870  foot-talents 

1  c-v,  force  de  cheval  (4500)        .        .       -      0*987  528  h.  -p.  (scientific) 

Heat  and  Electro-magnetism. 
I  metre>gTamme  *-   115*870  154  foot-mils 

Simple  and  Compound  Units  of  Reduction. 

French  into  English 

Simple.        .        .        .      3*280  899       I    Cubic 
Square 


10*764  299  3    |    Fourth  power 


35*316  580  7 
115*870  145  02 
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3.    Rainfall,  Supply,  and  Flood-Discharge. 

All  hydraulic  works  of  irrigation,  drainage,  storage, 
water  supply,  river  improvement,  and  land  reclamation, 
are  more  or  less  affected  by  the  amount  and  periodicity 
of  the  rainfall ;  for  many  of  them  careful  and  trust- 
worthy rainfall  statistics  and  data  are  absolutely  requi- 
site ;  but  the  nature  and  amount  of  detail  required  vary 
with  the  nature  of  the  work  ;  works  of  storage  being 
those  that,  perhaps,  require  the  greatest  amount  of 
accurate  information.  In  order  that  these  local  records 
should  be  sufficient  to  form  a  correct  basis  for  the  en- 
gineering data  of  these  latter  works,  they  should  com- 
prise observations  extending  over  a  period  of  ten  years, 
or  of  the  local  period  comprehending  a  cycle  of  rainfall 
from  one  season  of  maximum  rainfall  to  another,  in- 
cluding years  of  extreme  drought;  from  these  the 
following  results  can  be  deduced  : — 

1.  The  mean,  maximum,  and  minimum  monthly  rain- 
fall, from  which  the  mean  and  extreme  falls  for  each 
natural  local  season,  wet,  cold,  and  hot,  can  be  obtained. 

2.  The  mean  and  maximum  daily  falls  in  twenty- 
four  hours,  for  each  month  in  the  rainy  season. 

3.  Mean  and  maximum  hourly  falls,  longest  con- 
tinuous falls  and  droughts,  and  special  occurrences. 

These,  arranged  in  a  convenient  tabular  form,  are 
all  the  rainfall  data  that  the  engineer  will  generally 
require. 

In  most  cases,  also,  and  especially  in  hot  climates, 
evaporation  records  are  also  necessary  ;  and  sometimes, 
too,  it  is  advisable  to  possess  other  meteorological  data, 
such  as  those  of  humidity,  temperature,  atmospheric 
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pressure,  and  wind  ;  and,  what  is  often  difficult  to  pro- 
cure, some  data  of  absorption  and  percolation  that 
would  be  applicable  to  the  soils  of  the  district  under 
consideration. 

On  many  of  the  works  before  mentioned,  the  first 
duty  of  the  engineer  is  to  account  for  the  whole  of  the 
downfall,  or  to  discover  what  becomes  of  it  all,  under 
both  ordinary  and  unusual  circumstances,  so  that  he 
may  be  able  to  deal  with  more  certainty  of  knowledge 
with  that  portion  of  it  that  more  intimately  affects  his 
works ;  as,  for  instance,  the  bridge-builder  with  the 
floods,  the  engineer  of  storage  works  with  the  drought, 
and  those  of  canals  and  river-improvement  with  both. 
A  geographical  and  geological  knowledge  of  the  catch- 
ment area,  whose  rainfall  affects  the  works,  is  hence  also 
needful ;  the  boundaries  of  this  area,  its  lines  of  water- 
shed and  drainage,  its  disposition  as  regards  prevailing 
winds,  the  nature  and  porosity  of  its  soil,  and  the 
amount  of  vegetation  or  cultivation  on  it,  as  well  as  any 
available  records  from  which  the  quantities  of  water 
actually  run  off  by  its  streams  and  rivers  in  various 
seasons  may  be  arrived  at,  are  all  data  necessary  for 
establishing  satisfactorily  a  perfect  knowledge  of  the 
disposal  of  the  whole  of  the  rainfall  under  any  circum- 
stances. 

In  many  instances  it  is,  from  want  of  sufficient  in- 
formation, utterly  impossible  to  obtain  this  perfect 
knowledge :  in  others,  the  deficient  data  may  be  sup- 
plied by  approximative  deduction  from  the  data  of  other 
places,  so  that  a  tolerably  correct  approximate  balance 
may  be  struck  between  the  downfall  and  the  amount 
evaporated,  absorbed,  and  run  off;  in  any  case,  how- 
ever, the  engineer  may,  with  time   and  means  at  his 
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disposal,  gauge  the  streams  and  rivers  affecting  his 
works,  and  make  correct  records  of  the  amount  of  water 
run  off  in  them  at  different  seasons  of  the  year,  and  in 
exceptional  floods.  Failing,  honrever,  both  time  and 
opportunity,  such  data  have  to  be  observed  in  a  rapid 
manner  that  will  enable  him  to  determine  this  approxi- 
mately ;  such  as  the  section  and  fall  of  the  rivers,  the 
depths  at  various  stages,  floodmarks,  and  a  few  velocity 
observations. 

The  results  principally  required  are  the  flood  or 
maximum  discharge,  in  cubic  feet  per  second,  of  the 
river  or  stream  draining  the  catchment  area ;  its  mean 
discharge  throughout  the  year ;  .  and  its  minimum 
discharge  in  seasons  of  extreme  drought,  as  well  as  in 
its  ordinary  low  stage  ;  dividing  each  of  these  by  the 
catchment  area,  similar  results  per  unit  of  catchment 
are  obtained,  to  obtain  the  depth  in  feet  of  rainfall 
run  off  under  each  of  those  conditions.  The  relation 
between  these  quantities  and  the  probable  or  approxi- 
mate downpour  over  the  catchment  area  can  then  be 
compared  with  those  known  to  exist  in  other  corre- 
sponding cases,  and  a  valuable  check  on  these  important 
results  thus  obtained. 

Flood  discharge, — The  determination  of  the  quantity 
of  water  discharged  from  a  catchment  area  in  a  riyer  or 
stream  at  a  time  of  extreme  flood  is  a  matter  that  is 
very  often  of  the  highest  importance.  Costly  bridges 
have  continually  been  sacrificed,  and  long  lengths  of  canal 
damaged  for  want  of  sufficient  attention  having  been  paid 
to  this  subject 

When  the  data  mentioned  in  the  foregoing  para- 
graphs can  be  obtained,  and  are  properly  handled,  there 
is  little  difficulty  in  arriving  at  a  generally  correct  result ; 
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but,  as  in  many  cases  only  some  of  these  are  forthcom- 
ing, the  bases  of  calculation  are  considerably  narrowed, 
and  the  various  and  partial  modes  that  have  to  be  adopted 
necessarily  vary  with  |fae  available  data. 

First, — If  the  catchment  area  is  not  very  large — that 
is,  not  exceeding  400  square  miles,  or  100  square  leagues 
— it  may  sometimes  be  assumed  that  the  whole  of  it  is 
simultaneously  subject  to  the  same  amount  of  maximum 
downpour,  and  that  the  loss  by  absorption  and  evapora- 
tion is  also  tolerably  uniform  over  the  whole  ;  if  then 
some  trustworthy  data  for  this  loss  should  be  available, 
the  flood  discharge  can  be  computed  direct ;  thus : 

Let  F^  the  actual  downpour  in  24  hours,  be  0*8  feet,  and  the 
loss  by  absorption  and  evaporation  one  fourth  ;  then  the  effective 
rainfall  /=0'8— 0*2=:0*6  ;  and  the  corresponding  flood  dis- 
charge per  second,  ft  from  a  catchment  (K)  of  4  square  leagues, 
will  be 

<?=^'^/tl^^y-=2778  cubic  feet  per  second. 
^       24  X  60  X  60  ^ 

If  the  rainfall  or  the  loss  vary  over  portions  of  the 
catchment,  the  parts  may  be  treated  in  the  same  way, 
to  obtain  a  total  value  of  Q  through  summation.  For 
this  purpose  Table  II.,  Part  3,  can  be  used. 

Second, — If  the  catchment  area  under  consideration 
happen  to  form  part  of  some  large  region,  whose  rainfall 
has  been  thoroughly  investigated,  and  in  which  numer- 
ous flood  discharges  have  been  arrived  at  through 
velocity  observations  and  computation,  some  general 
coefficient  of  drainage  (fc)  may  have  been  determined 
for  that  region.  In  that  case  the  computation  for  flood 
discharge  from  any  portion  of  it  can  be  computed  by 
formulae. 

C2 
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The  three  best-known  formulae  for  this  purpose  are 

(1)  Q^1c,2nKt 

(2)  Q=rA:,100(iO*. 

(3)  Q=A:,1300ir(i)"* 

In  all  these  K  is  the  catchment  in  square  statute 
miles,  Q  the  flood  discharge  in  cubic  feet  per  second  ; 
in  the  third  L  is  the  length  of  the  main  river  or  stream 
under  consideration,  in  statute  miles  ;  while  the  coeffi- 
cients ip  ij,  ij,  are  the  local  drainage  coefficients  suit- 
able to  each  formula  respectively. 

Formula  (1)  requires  a  very  wide  range  of  values  of 
fcp  and  is  hence  inconvenient,  though  simple  in  form. 

Formula  (2)  is  preferable;  it  is  a  modification  of 
Colonel  Dickens's  formula,  Q=825  (iQ^,  suited  to  Bengal 
proper  and  Bahar  ;  though  it  afterwards  appeared  that 
Formula  (2)  with  coefficients  near  to  fc=8*25  was  suited 
to  large  tracts  of  Indian  plains  having  an  annual  rainfall 
of  from  24  to  50  inches. 

It  seems,  however,  more  rational  to  use  a  coefficient 
more  closely  dependent  on  a  similarity  of  general  con- 
ditions, of  which  the  maximum  day's  downpour  is  perhaps 
the  most  important.  In  Northern  India  where  this  latter 
is  about  I'S  feet  in  or  near  hills,  and  ro  foot  in  the  plains, 
the  flood  waterway  allowed  for  bridges  has  generally 
been  based  on  the  assumption  that  the  rainfall  run  off* 
would  amount  to  i*o  foot  in  depth  over  the  whole ;  and 
allowance  has  been  made  with  these  data  for  the  flood 
waterway  of  the  streams  and  rivers  crossing  both  the 
Ganges  Canal  and  the  Sarhind  Canal ;  in  other  cases, 
also,  in  Northern  India,  two-thirds  of  the  depth  of 
downpour  is  assumed  to  pass  off*  in  flood.     It  is  hence 
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better  to  use  a  coefficient  suitable  to  similar  conditions 
of  catchment  area,  within  narrower  range. 

The  values  of  \  for  India  generally  lie  between  i 
and  24  :  see  coefficients  in  the  Working  Tables  at  Table 
XII.,  Part  I  ; — some  further  values  of  it,  applicable 
to  various  river  basins  in  India,  are  also  given  in 
the  table  of  flood  discharges  at  page  [8]  of  the  Hydraulic 
Statistics  in  the  second  part  of  this  Manual.  The 
values  of  the  general  expression,  for  a  value  of  A;,=  i, 
are  given  for  catchment  areas  of  various  sizes  in  the 
Working  Tables,  at  Table  IV.,  Part  i,  and  the  local 
coefficient  can  be  readily  applied  to  these  quantities. 

Formula  (3)  was  deduced  by  Mr.  Burge,  of  the 
Madras  Railway,  from  observations  in  the  tract  through 
which  that  line  passes  ;  and  is  suited  to  it,  with  a  value 
of  fc,=  l  ;  the  conditions  being  that  the  maximum  down- 
pour in  12  hours  was  6  inches,  and  the  area  elevated 
from  500  to  1300  feet  above  mean  sea  level,  consisting 
principally  of  unstratified  rocks.  It  was  deduced  from 
observations  on  27  bridges,  of  above  80  feet  span,  on  the 
Madras  Railway,  and  its  results  correspond  closely  with 
those  of  recorded  flood  sections ;  the  errors  lying  between 
4*64  feet  too  high  and  3*40  too  low  in  height  of  section. 
Mr.  Burge  argued  justly  that  the  leng^th  of  the  river  neces- 
sarily extends  the  time  of  the  discharge,  and  hence 
diminishes  the  quantity  passing  off  within  a  certain 
time ;  and  that  also  the  functions  of  discharge,  the 
hydraulic  slope,  the  cross  section,  and  the  head  affected 
by  the  sinuosities  in  greater  length,  are  reduced  by  it 
Admitting  this,  the  same  principle  would  apply  not 
only  to  the  main  river,  but  also  to  its  tributaries  ;  the 
number  and  conditions  of  the  tributaries  would  pro- 
bably be  a  more  important  consideration.     Again,  there 
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is  much  difficulty  in  saying  where  a  main  river  begins  ; 
so  much  so,  that  in  the  first  place  the  introduction  of  an 
index  of  f  against  a  coefficient  of  1300  would  appear  to 
be  a  needless  attempt  at  exactitude ;  and  in  the  second 
place  the  introduction  of  the  length  of  the  river  at  all  in 
an  equation  of  this  sort  is  a  matter  incapable  of  very 
extended  application ;  although  in  the  instances  from 
which  this  formula  was  laid  down  it  has  been  very  suc- 
cessfully introduced. 

A  better  mode  of  introducing  a  function  somewhat 
similar  to  this  would  be  to  apply  the  ratio  of  extreme 
breadth  to  extreme  length  of  catchment  area ;  and  in- 
troduce it  in  formula  (2),  the  range  of  whose  coefficients 
(i,)  for  India  seem  to  be  between  i  and  24—  an  impor- 
tant step  already  gained.     It  then  takes  the  form, 

(4)  Q=*,|lOO(Z)*. 

where  jB= extreme  breadth  of  catchment  area. 

and    i= extreme  length  of  catchment  area, 

and  i^ = a  new  coefficient, 
obtaining  a  more  tangible  improvement,  capable  of  ex- 
tended application.  It  is  unfortunate,  however,  that  for 
this  formula  a  sufficient  number  of  values  of  the  new 
coefficient  are  not  yet  forthcoming;  although  in  the 
instances  in  which  it  has  been  applied  the  improvement 
seems  clearly  manifested  in  reducing  the  range,  so  that 
for  the  present  it  is  generally  better  to  use  formula  (2), 
while  in  special  cases  the  ratio  can  be  easily  introduced 
to  obtain  values  of  i^. 

Third. — When  coefficients  of  the  class  fc„  i,,  fc„  i^,  are 
not  available,  and  the  conditions  of  rainfall  and  of  ab- 
sorption and  evaporation  are  so  defective  as  to  be  insuf- 
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ficient,  direct  observation  of  each  single  river  or  stream 
within  the  catchment  becomes  the  sole  guide.  It  then 
becomes  necessary  to  fall  back  entirely  on  recorded  flood- 
marks,  as  a  means  of  approximating  to  the  flood  dis- 
charge ;  and,  after  gauging  the  discharges  of  the  channels 
in  their  ordinary  stages,  to  assume  the  flood  discharges  to 
be  proportional  to  them  according  to  the  ordinary  formula, 


where  A  is  the  sectional  area  up  to  flood-mark,  R  its 
hydraulic  mean  radius,  and  a  and  r  are  similar  quan- 
tities corresponding  to  the  discharge  (g)  determined  under 
the  conditions  of  observation  in  each  separate  channel. 


4.    Storage. 

Reservoirs  generally  have  for  their  object  either 
the  detention  of  flood  water  that  might  otherwise  cause 
damage,  as  in  works  of  river  improvement,  or  the  utilisa- 
tion of  it  in  canals,  of  navigation,  irrigation,  or  driving 
machinery,  or  for  town  supply.  For  the  first  purpose 
they  must,  to  effect  their  purpose,  be  very  extensive,  and 
strongly  aided  by  the  natural  formation  of  the  country  ; 
for  the  last  purpose  they  are,  in  one  respect,  excepting 
under  very  favourable  conditions,  particularly  ill-fitted. 

The  collection  of  drinking-water  from  the  surface  of 
land  needs,  in  the  first  place,  a  clean,  uncultivated  and  un- 
inhabited tract  of  land  as  a  catchment  area ;  and  in  the 
second  place,  the  water  stored  in  the  reservoir,  which  is 
liable  to  become  putrescent,  or  seriously  affected  by  the 
organisms,  plants,  and  animalcule  that  inhabit  stagnant 
water,  requires  a  very  perfect  and  careful  filtration,  of 
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a  sort  beyond  the  ordinary  economic  powers  of  munici- 
palities or  public  companies.  Indeed,  it  is  now  asserted 
to  be  an  incontrovertible  fact,  that  it  is  to  the  tainted 
water  of  rivers  and  reservoirs  that  one-half  of  most  pre- 
ventiblc  diseases  are  due,  the  other  half  being  caused  by 
want  of  ventilation,  faulty  drainage,  and  mistaken  modes 
of  managing  sewage,  or,  in  other  words,  that  impure  air 
and  tainted  water  are  the  chief  enemies  of  human  life ; 
and  there  is,  therefore,  every  reason  to  believe  that  in 
the  future,  when  the  general  public  become  awake  to  this, 
and  acquire  enough  energy  to  throw  off  the  incubus  of 
vested  interests  in  the  form  of  water-companies,  both 
tainted  rivers  and  open  reservoirs  will  be  universally 
condemned  as  sources  of  drinking-water  supply,  and  that 
the  water  filtered,  stored,  and  preserved  against  impurity 
by  nature  in  the  permeable  and  unvitiated  strata  of  the 
earth,  will  be  considered,  as  it  justly  is,  a  npcessar}'  of 
life  and  health,  and  be  drawn  on  in  a  more  scientific  and 
enlightened  way  than  is  at  present  usual.  Another 
quarter  of  a  century  may  show  us  scientific  men  object- 
ing, on  sanitary  grounds,  to  the  watering  of  our  streets 
with  such  water  as  is  now  habitually  and  unconcernedly 
used  in  preparing  our  food. 

It  will  therefore  be  only  under  conditions  very  favour- 
able for  clean  collection  and  storage,  or  under  circum- 
stances that  admit  of  no  better  alternative,  that  the  water 
of  storage  reservoirs  will  be  used  for  drinking  purposes. 
Such  water  will,  however,  still  remain  valuable  under  ordi- 
nary circumstances,  for  extinguishing  fires,  watering 
streets,  and  many  other  purposes,  in  which  it  is  not  habitu- 
ally brought  into  contact  with  the  human  body,  and 
where  its  impurities  are  of  little  avail. 

The  determination  of  the  size  and  dimensions  of  a 
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storage  reservoir  is  a  matter  entirely  governed  by  local 
circumstances  and  requirements.  The  assumptions  that 
the  area  covered  by  it  should  bear  a  certain  proportion 
to  that  of  the  catchment  area,  or  that  the  amount  of 
water  stored  should  be  as  nearly  as  possible  one-third  of 
the  available  supply,  are  not  by  any  means  rules  to  be 
applied  without  a  very  large  discretionary  power,  al- 
though there  are  rules  laid  down  in  various  forms  by  dif- 
ferent hydraulic  engineers  that  very  much  resemble  these. 
The  object  being  the  collection  and  retention  of  a  cer- 
tain amount  of  water  for  a  definite  purpose,  and  the 
circumstances  being  the  local  formation  of  the  ground 
and  the  amount  of  available  downpour  on  the  catchment 
area,  all  the  economic  considerations  depend  on  these 
points. 

The  intention  may  either  be  to  store  as  much  water 
as  possible  within  a  certain  amount  of  expenditure  of 
cost,  or  only  a  definite  amount  sufficient  for  a  certain 
purpose,  or  to  store  all  that  can  possibly  be  obtained 
with  a  knowledge  that  the  extreme  amount  would  not 
be  enough.  Again,  in  some  cases  the  quality  of  the  water 
and  the  convenience  of  proximity,  or  of  cleanliness  of 
site,  may  be  considerations  outweighing  all  others.  If, 
therefore,  the  latter  is  the  case,  there  are  generally  not 
many  local  conditions  answering  the  purpose  within 
which  any  choice  can  be  made  ;  the  same  may  be  gene- 
rally said  to  be  true  with  reference  to  the  second  case  in 
which  a  definite  amount  is  required.  It  is  only  therefore 
under  special  circumstances,  when  the  object  is  to  store 
and  utilise  as  much  water  as  possible,  that  much  choice 
is  left  to  the  engineer. 

Large  artificial  reservoirs  being  generally  made  on 
the  natural  surface  of  the  ground,  and  bounded  in  one 
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direction  only  by  an  embankment  of  earth  or  a  dam  of 
masonry  or  brickwork,  the  first  object  is  to  choose  a  site 
or  sites  where  the  greatest  amount  of  water  can  be  stored 
with  the  shortest  and  least  amount  and  length  of  em- 
bankment ;  for  this  purpose  a  river  gorge,  narrow  and 
precipitous,  terminating  a  great  length  of  country,  having 
a  gradual  fall  towards  it,  offers  the  best  ordinarily  natural 
conditions  ;  if,  in  addition,  the  lateral  or  transverse  slope 
of  the  country  is  also  very  gradual,  it  becomes  a  large 
natural  basin,  with  one  narrow  outlet ;  and  if  this  admits 
of  being  easily  dammed,  an  extraordinary  advantage 
not  often  available  presents  itself 

The  economy  of  constructing  one  large  reservoir 
in  preference  to  two  or  more  small  ones  to  hold  the 
same  amount  would,  perhaps,  be  evident  at  first  sight 
to  most  people.  The  author  has,  however,  met  so  large 
a  number  of  persons  that  believe  the  contrary,  that  he  is 
constrained  to  give  the  following  mathematical  proof 
of  it  by  Graeff. 

Let  a  single  reservoir,  or  rather  its  contents  when 
full,  be  supposed  to  consist  of  a  number  of  laminae,  or 
layers  of  water,  the  sum  of  which  will  equal  the  total 
content,  and  let 

-ffssthe  height  of  any  one  layer  ; 

P  and  /S=the  perimeter  and  surface  of  its  lower 
side  I 

f  and  iff  =  the  perimeter  and  surface  of  its  upper 
side  ^  then  the  volume  of  this  layer  will  be 

where a=5-  fr^^PC^^g  .        (^--g)  (P--P)  , 
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Hence  the  above  expression  becomes 

In  the  case  where  the  lateral  and  longitudinal  slopes 
of  the  ground  are  uniform,  we  can  imagine  the  reservoir 
to  consist  of  one  only  of  these  layers  ;  and  its  contents 
will  then  represent  that  of  the  whole  reservoir.  In  this 
case  the  height  of  the  layer  will  be  the  extreme  depth  of 
water  stored,  and  the  quantities  S  and  P  will  become 
indefinitely  small  in  comparison  with  S  and  P',  and 
may  hence  be  neglected  :  hence  the  total  volume  of 
water  stored  =  \  HSf^  and  this  is  the  volume  of  a  reversed 
cone  having  8f  for  its  base  ;  a  demonstration  that  proves 
how  rapidly  the  amount  of  storage  increases  with  the 
depth  of  water,  or  with  the  height  of  the  embankment 

To  the  height  of  dams,  again,  there  is  a  practical 
limit ;  earthen  dams  of  great  height  require  an  enormous 
section,  being  consequently  very  costly  as  well  as 
dangerous,  and  are  in  themselves  difficult  to  manage  as 
regards  escape ;  masonry  dams  have  a  limit  to  their 
height,  due  to  the  pressure  per  unit  of  surface  on  the 
foundation ;  the  highest  yet  built  that  is  still  standing 
does  not  exceed  164  feet,  and  it  is  very  improbable  that 
that  height  will  be  greatly  exceeded  for  some  time  to 
come,  unless  iron  is  made  to  enter  largely  into  their  con- 
struction. 

After  choosing  a  site  for  a  proposed  reservoir,  one  of 
the  first  points  requiring  attention  is  the  determination 
of  its  storage  capacity  up  to  different  proposed  levels  of 
escape.     For  this  purpose,  marks  are  fixed  at  differences 
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of  level  of  about  5  or  lo  feet,  on  any  convenient  short 
line  of  section ;  and  the  contours  of  these  levels  are 
marked  out  and  surveyed  all  around  the  basin,  in  order 
to  obtain  the  perimeters  and  areas  at  each  contour ;  from 
these,  as  before  shown,  the  contents  of  each  lamina  can 
be  calculated,  and  the  content  up  to  any  other  contour. 
If,  however,  it  be  preferred  to  obtain  this  by  means  of  a 
series  of  longitudinal  and  transverse  sections  taken  up  to 
the  heights  of  the  various  contour  levels,  it  is  perhaps  best 
to  direct  the  former  in  conformity  with  the  axis  or  axes 
of  figure  of  the  basin,  and  the  transverse  sections  at  right 
angles  to  them,  and,  as  far  as  possible,  at  equal  distances 
along  them  ;  although  in  some  instances,  unequal  dis- 
tances and  inclined  directions,  more  suited  to  the  form 
and  disposition  of  the  ground,  would  give  more  correct 
results ;  the  true  values  of  the  corresponding  rectangular 
transverse  sections  can  then  be  obtained  from  the  oblique 
sectional  areas  by  multiplying  them  by  the  cosines  of 
their  angles  of  obliquity.  Should  a  winding  river  chan- 
nel or  depression  form  part  of  the  basin,  it  is  often  more 
convenient  and  correct  to  estimate  its  content  indepen- 
dently, and  add  it  in  afterwards. 

The  following  are  the  three  formulae  most  used  in 
obtaining  the  contents  from  the  sectional  areas  : — 

1.  If  there  be  only  two  sectional  areas,  ilp  il,,  taken 
at  a  time,  at  a  common  distance,  c2, 

the  contents= -d  {A^+A^, ^^~3^ (^1  +  ^»+  vT^^). 

2.  If  there  be  three  equidistant  sections, -4,, il,,il 3, 
taken  at  a  time,  and  their  common  distance  is  (2,  the  con- 
tents =  ^^  (4 ,+ 4 -4  j -4- it  3). 
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3.  If  there  be  any  even  number  (n)  of  equidistant 
sections,  A^^A^^  &c.,  up  to  iln,  at  a  common  distance,  (2, 

the  contents =d(iili  +  -4,  +  &c.  +  Ay,_^  +  \A^. 
The  accuracy  of  result  will  of  course  depend  on  the 
closeness  of  the   sections,  and  the  suitability  of  their 
positions  to  the  general  form  of  the  reservoir. 

The  capacity  of  the  reservoir  being  obtained,  the 
amount  of  supply  that  can  be  expected  annually  from 
the  catchment  area  may  be  obtained,  either  in  total 
quantities  or  in  continuous  quantities  as  cubic  feet  per 
second,  by  the  aid  of  Parts  i  and  2  of  Table  II.  of  the 
Working  Tables ;  in  these  calculations  much  labour  is 
saved  by  deducting,  in  the  first  place,  the  allowance  due 
to  evaporation  and  absorption  on  the  catchment  area 
from  the  rainfall  given,  and  making  use  of  the  available 
or  effective  rainfall  or  rainfall  run  off  as  the  basis  of  cal- 
culation for  supply. 

If  a  small  supply  alone  be  involved,  the  use  of  Part 
I,  Table  III.  of  the  Working  Tables  will  enable  the 
contents  of  the  reservoir,  and  extent  of  catchment  area 
necessary  to  afford  the  supply,  to  be  rapidly  determined. 
Part  2,  Table  III.,  may  also  be  occasionally  useful, 
where  the  supply  is  limited  by  the  needs  of  an  extent 
of  land  to  be  irrigated,  or  the  population  of  a  town 
requiring  water  for  public  purposes. 

The  section  of  waterway  of  escape  has  next  to  be 
determined  ;  this  depending  on  the  flood  discharge  and 
the  maximum  downpour  in  twenty-four  hours.  In  these 
calculations,  Part  3,  Table  II.  of  the  Working  Tables  is 
useful ;  so  also  are  Parts  i  and  2,  of  Table  IV.,  in  con- 
nection with  the  formula  already  given  for  flood  dis- 
charge. 

All  these  are  of  course  simply  modes  of  calculating, 
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or  of  shortening,  the  calculation  of  the  quantities  of 
water  ;  the  determination  of  them  has  to  be  left  to  the 
discretion  of  the  engineer  and  the  requirements  of  the 
case.  Should  the  supply  be  required  to  maintain  a 
certain  depth  of  water  for  navigation  in  a  canal,  the 
seasons,  the  supply  deficient,  the  loss  in  the  canals  from 
evaporation  and  filtration,  and  all  such  data,  will  deter- 
mine the  amount ; — if  for  irrigation,  the  amount  of  land, 
its  quality  of  soil,  and  probable  water  duty ;  on  this 
latter  subject  information  is  given  in  Chapter  III.  and 
in  the  Hydraulic  Statistics,  where  data  of  the  waterings 
and  water  duty  usual  in  France,  Spain,  Italy,  and 
Northern  and  Southern  India,  are  given.  Or  if  the 
supply  is  required  either  for  motive  power  or  the  public 
purposes  of  town  supply,  the  amount  and  height  of 
delivery  require  determining  with  reference  to  local  con- 
ditions ;  in  such  matters,  therefore,  no  guide  would  be 
of  use.  Lastly,  if  the  object  is  the  control  of  floods, 
the  whole  of  the  physical  conditions  of  the  river  and 
its  banks,  from  its  highest  watershed  down  to  its  mouth 
or  embouchure  in  the  sea,  will  be  matters  affecting  the 
amount,  and  the  management  and  regulation  of  the 
storage :  on  this  subject  see  the  paragraph  in  Chapter 
III. 


5.   Discharges  of  straight,  uniform  Reaches 
OF  Open  Channels,  and  of  Pipes. 

The  various  modes  of  gauging  velocities  and  dis- 
charges are  described  in  Chapter  II.  on  field  operations 
and  gauging.  The  calculation  of  velocity  or  of  dis- 
charges, under  different  conditions  and  for  different 
data,  may  be  considered  independently  of  gauging.     It 
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is  important  to  the  engineer  that  he  should  at  any  tin\e 
be  able  to  calculate,  in  a  few  moments,  the  discharge 
of  any  pipe,  channel,  or  canal,  from  such  sufficient  data 
as  he  may  possess,  or  obtain  readily. 

The  number  of  calculated  velocity  formulae,  their 
variety,  and  the  wonderful  amount  of  complication  in 
them,  as  well  as  the  want  of  exactitude  of  result  they 
give,  is  truly  astonishing  ;  and  when,  on  the  other  hand, 
one  observes  some  engineers  adhering  slavishly  to  the 
tables  and  data  of  one  hydraulician,  others  to  those  of 
another,  and  others  again  going  through  the  conscien- 
tious, but  very  lengthy,  course  of  examining  everything 
that  every  hydraulician  has  said  or  done  in  the  matter 
of  calculation  of  mean  velocity  of  discharge,  one  cannot 
but  feel  pained  as  well  as  surprised. 

It  would  be  quite  out  of  place  in  this  portion  of  a 
Manual  of  this  description,  which  has  for  its  object  the 
supplying  the  engineer  with  information  and  tables  for 
calculating  his  quantities  and  data  in  as  rapid  a  way  as 
practical  correctness  will  allow,  to  enter  into  a  detailed 
investigation  of  all  these  formulae,  and  the  reasons  for 
setting  them  all  aside  and  adhering  to  that  adopted  in 
preference  and  to  the  exclusion  of  all  others ;  it  will, 
therefore,  suffice  for  the  author  here  to  mention  the 
reason  for  adopting  any  one  formula  or  conclusion  as 
it  is  brought  forward.  A  comparison  of  the  results  of 
various  hydrodynamic  formulae  will  be  given  in  Chapter 
III.,  among  the  miscellaneous  detached  paragraphs. 

The  general  formula  for  discharge,  based  on  the 
theories  mentioned  in  the  section  i  of  this  chapter,  is 

e=.lF=.l(/grB5)*, 
the  terms  of  which  are  given  in  the  general  notation. 
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page  1 1  ;  the  mean  velocity  of  discharge  being  the 
smaller  and  more  convenient  quantity  to  deal  with,  for 
open  channels  and  canals,  and  the  discharge  itself  being 
the  quantity  more  often  required  for  pipes,  sewers,  and 
closed  tubes,  syphons,  or  tunnels  of  all  sorts. 

Taking,  however,  the  expression  for  mean  velocity 
of  discharge,  obtained  by  equating  the  accelerating 
effect  of  gravity  down  an  inclined  plane  with  the  retard- 
ing effect  of  friction,  it  can  be  put  into  the  form  more 
convenient  for  English  measures — 

7=6x100(55)*, 

where  c  is  a  variable  experimental  coefficient,  depending 
on  the  surface,  the  conditions,  the  dimensions,  and  the 
hydraulic  slope  of  the  channel  or  pipe,  and  hence  also 
on  a  further  experimental  coefficient  n  of  roughness  and 
irregularity  combined,  which  again  involves  both  the 
functions  R  and  S :  its  value  under  extreme  conditions 
varies  from  0*25  to  about  2*00. 

A  correct  formulated  determination  of  the  value  of 
the  coefficient,  c,  for  all  conditions,  is  a  matter  that  can 
only  be  said  to  have  been  even  approximately  arrived 
at  in  the  last  few  years,  from  an  examination  of  the 
experimental  results  of  d'Arcy  and  Bazin  on  the  dis- 
charges of  pipes,  open  channels  and  ordinary  rivers,  and 
those  of  Humphreys  and  Abbot  on  the  discharges  of 
very  large  rivers,  and  on  his  own  observations  on  Swiss 
hill-streams  and  channels,  by  Herr  W.  R.  Kutter,  of 
Bern. 

The  determination  of  coefficients  of  this  type  for 
which  we  are  indebted  to  him,  and  tables  rendering  it 
easily  found  for  open  channels  and  rivers  of  any  sort  or 
dimensions  in  metric  measures,  are  given  in  his  valuable 
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articles  in  the  *  Cultur-Ingenieur  *  for  the  year  1870. 
A  comparison  of  these  coefficients  of  Herr  Kutter  with 
recorded  results,  principally  Indian,  made,  collected,  and 
compiled  by  the  author  between  i860  and  1873,  con- 
duced to  the  belief  that  the  formula  of  Kutter  was  the 
best  extant ;  but  that  the  classification  of  coefficients  was 
defective  as  applied  to  canals  and  straight,  uniform 
river-reaches. 

The  values  of  the  coefficients  varying  so  greatly  in 
the  various  classes,  it  became  necessary  to  reinvestigate 
the  subject  This  was  done,  and  eventually  an  extension 
and  an  alteration  of  the  classes  was  made  by  the  author ; 
the  formula  was  freshly  worked  out  for  English  units, 
and  the  whole  was  set  forth  in  detail  in  the  author's 
work,  *  Canal  and  Culvert  Tables  *  (London,  1878,  Allen). 

Under  this  new  arrangement,  the  values  of  c,  the 
coefficient  of  mean  velocity,  are  also  given  in  this  edi- 
tion of  this  book  in  Part  4,  Table  XII. 

With  the  aid,  therefore,  of  these  tables  of  coefficients 

(c)  and  the  values  of  the  expression  100  (iJ  S)',  given  in 
Table  VII.,  the  values  of  F,  the  mean  velocity  of  dis- 
charge of  straight  and  uniform  reaches  of  canals  and 
open  channels  can  be  rapidly  determined  in  a  few 
moments,  according  to  the  most  improved  and  correct 
method  yet  known. 

With  the  aid  of  the  same  tables  of  coefficients  (c)  and 
the  values  of  the  expression, 

Q=c  X  39'27  (Sd*)-  when  0=  1, 

given  in  Table  VIII.,  the  discharge  of  any  full  cylindrical 
pipe,  sewer,  or  tunnel,  may  also  be  determined  by  apply- 
ing suitable  values  of  c. 

These  tables,  to  which  explanatory  examples  are 

D 
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attached,  can  also  be  used  for  the  converse  purpose  of 
obtaining  the  head,  diameter,  hydraulic  slope  or  hydraulic 
radius,  due  to  given  discharges  of  channels  and  pipes  ; 
it  will,  however,  be  necessary  for  the  calculator  to  re- 
member that  all  dimensions,  even  diameters  of  pipes,-are 
best  invariably  kept  in  feet,  and  that  all  slopes  are  kept 
in  the  form  known  as  the  sine  of  the  slope,  mentioned  in 
the  general  notation,  given  in  section  2  of  this  chapter. 
Should  it  be  necessary  to  reduce  these  from  gradients 
given  in  other  forms,  such  as  in  feet  per  English  mile, 
or  as  a  fall  of  unity  to  a  certain  length,  Table  VI.  may 
be  used  to  save  calculation. 

The  Derivation  of  the  Coefficients, — So  far  for  the 
velocity  formula  actually  adopted,  and  the  mode  of 
working  it  in  calculating  results.  As  regards  the  for- 
mula itself,  independently  of  the  determination  of  the 
variable  coefficient,  it  is  none  other  but  the  Eytelwein 
formula,  or  Chezy  formula,  in  a  very  much  improved 
form,  having  the  results  of  modem  experiment  incorpo- 
rated with  it  An  examination  of  the  old  hydraulic 
formulae  for  mean  velocity  shows  that  most,  in  fact 
almost  all  of  them,  were  modifications  of  the  Chezy 
formula,  some  of  them  adding  an  additional  term  or 
function,  and  altering  the  value  of  the  experimental  co- 
efficient, but  still  asserting  its  fixity. 

In  the  earlier  editions  of  this  Manual,  written  before 
Herr  Kutter  had  published  his  valuable  improvement,  all 
the  formulae  having  fixed  coefficients  were  rejected  by 
the  author,  who  at  the  same  time  asserted  the  principle 
that  no  fixed  coefficient  was  suitable  to  all  circumstances, 
and  that  the  engineer  should  choose  for  himself  a  coeffi- 
cient most  suitable  to  the  special  circumstances,  dimen- 
sions, and  condition  of  the  pipe,  channel,  or  river,  with 
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whose  discharge  he  was  dealing ;  and  that  the  recorded 
results  of  experiment  should  be  always  consulted  for  the 
purpose  of  approximating  as  closely  as  possible  to  the 
special  circumstances  of  the  case  under  consideration. 
In  addition  to  that  recommendation,  a  mode  of  arriving 
at  values  of  c  in  cases  of  canals  in  earth,  in  good  order, 
under  very  limited  conditions,  was  also  then  mentioned. 
It  consisted  in  a  method  of  successive  approximation  ; 
first,  to  assuming  c=l  ;  and  then  from  the  mean  velocity 
v,  resulting,  assuming  a  second  value  of  c,  according  to 
the  following  table,  was  calculated,  or  a  second  true 
velocity  of  discharge,  F. 


r        0 

V        e 

r       e 

V       e 

to    •910 

1.5    -960 

2*0    i-ooo 

2*5    I  -023 

1*1     "920 

1-6     -968 

2'  1     I  005 

2-6    1-026 

1*2    -930 

1*7     -976 

2-2    I  009 

2' 7    I  030 

1-3    -940 

1-8    -984 

2*3    I  014 

2'8    1033 

1*4    "950 

1*9    '992 

2-4    ix>i8 

2-9    I  037 
3*0     I  *040 

A  few  values  of  c,  suitable  to  pipes  under  various 
velocities,  were  also  given  ;  but  they  were  detached,  and, 
from  want  of  experiment,  very  insufficient.  Yet  the 
true  state  of  the  case,  and  the  mode  most  advisable  for 
adoption  until  investigations  on  a  larger  scale  threw 
more  light  on  the  matter,  was  then  clearly  set  forth. 

Now  that  the  experiments  of  d'Arcy  and  Bazin,  of 
Humphreys  and  Abbot,  and  of  Ganguillet  and  Kuttpr, 
have  been  reduced  to  one  formulated  expression,  the 
labour  of  choosing  a  coefficient  from  general  experi- 
mental records  is  rendered  needless  as  far  as  regards 
ordinary  canals  and  culverts ;  although  it  would  be  ad- 
vantageous to  experimentalise  on  the  actual  case. 

As  regards  natural  channels  of  rivers  otherwise  than 
those  whose  conditions  approximate  to  those  of  canals, 
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the  necessity  of  referring  to  records  of  experiment  still 
remains,  although  the  Kutter  coefficients  may  be  of  great 
assistance  even  in  this  branch  of  the  subject 

The  determination  and  tabulation  of  the  coefficients 
(c)  has  gone  through  three  stages  of  development  i.  Tlu 
first  was  that  made  by  Bazin,  based  on  the  experiments 
conducted  by  d'Arcy,  by  Bazin  himself,  and  by  various 
engineers  of  the  French  Fonts  et  Chauss^s.  The 
principles  asserted  were  that  the  coefficient  depended  on 
vwo  quantities  or  qualities  only,  namely,  the  condition  oi 
surface  of  the  bed  and  banks  touched  by  the  water,  and 
the  hydraulic  mean  radius  of  the  section  of  discharge. 
Four  categories  of  coefficients  were  adopted. 

1st  For  very  smooth  surfaces,  well-plastered  surfaces 
in  cement,  and  well-planed  plank. 

2nd.  For  even  surfaces,  ashlar,  brickwork,  and  ordi- 
nary planking. 

3rd.  For  rough  surfaces,  as  rubble. 

4th.  For  earthen  channels  generally 

The  values  of  an  intermediate  coefficient  c  for  French 
measures  in  these  four  categories  were — 

003 


(l)c,=0-00015(l-h?|?) 
(2)  c,= 0-00019  ^1+?^^) 


(3)c,=0-00024(n-2|^) 


(4)  c,= 000028  (H-iJ-^) 

The  corresponding  values  of  the  final  coefficient  c  for  the 
English  formula  in  feet  may  be  obtained  from  the  above 
values  of  c,  by  the  formula 
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C= 


1-81 


100(0'     100  (E  5)' 
under  an  arrangement  that  keeps  the  values  of  c  within 
a  limited  range  approximating  to  unity,  and  throws  lOO 
into  the  old  general  expression  for  the  Chezy  formula. 

The  values  of  these  coefficients  (c),  adapted  to  the 
corresponding  formula  in  English  feet,  are  generally  as 
follow,  in  their  respective  categories : — 


R 

Cx 

«« 

R 

c% 

<^4 

1- 

I -41 

118 

1 

087 

048 

1-5 

1-43 

1*22 

2 

098 

0-62 

2* 

1-44 

1*24 

3 

104 

070 

2-5 

I -45 

I  "26 

4 

I '06 

0*76 

3- 

1-45 

1*26 

5 

I  08 

o-8o 

3'5 

1-46 

1-27 

6 

I'lO 

084 

4* 

1*46 

1*28 

7 

i-io 

0-86 

4'5 

1*46 

I  28 

8 

I'll 

0-88 

6" 

1-46 

1*29 

9 

1*12 

0-90 

5'5 

1*46 

1*29 

10 

1*12 

0*91 

6- 

1-47 

1-29 

11 

113 

0*92 

7-5 

1-47 

1-29 

14 

113 

095 

8- 

1-47 

1-30 

IS 

114 

013 

IS* 

1*57 

1-30 

18 

I-I4 

0-98 

20' 

1-48 

1-31 

20 

114 

098 

These  coefficients  are  not  correct  for  canals  in  earth 
generally,  and  are  notoriously  incorrect  for  large  canals  ; 
they  are  useless  to  English  engineers,  excepting  in  so  far 
as  they  afford  them  a  knowledge  of  the  velocities  and 
discharges  that  French  engineers  would  assume  to  hold 
with  certain  known  conditions.  In  the  matter  of  dog- 
matic prejudice,  and  mutual  international  recrimination, 
the  balance  between  the  French  and  the  English  is 
tolerably  even  ;  if  the  English  are  insular  and  coldly  im- 
passible, the  French  are  bureaucratic  and  healed  with 
vanity ;  yet  science  will  progress  in  spite  of  all  petty 
wishes,  both  individual  and  national. 
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The  most  modem,  and  probably  also  the  most  gene- 
rally correct  mode,  of  expressing  the  relation  between 
maximum  and  mean  velocity  in  a  canal  section  is  passing 
through  a  transitional  stage ;  it  originated  with  Bazin, 
and  was  first  connected  with  his  above-mentioned  co- 
efficients. 

To  obtain  the  values  of  coefficients  of  mean  velocity 
from  the  observed  maximum  velocity  F^,  and  from  values 
of  R  and  S  in  English  feet,  we  obtain  from  Bazin's  for- 
mula, F«=F.- 14  v/iiSjor  metres,  which  for  English 
feet  is  F.—  F- 25-34  y/RS,  the  result 


=«'«^[-^-2«-3*]' 


applying  this  coefficient  in  the  formula  F^  =  c  x  100  \/jRS, 
the  mean  velocity  of  discharge  V^  is  obtained. 

It  is  probable  that  this  mode  of  determination 
through  observed  maximum  velocities  constitutes  the 
basis  of  the  best  way  of  rapidly  arriving  at  coefficients 
of  mean  velocity  and  of  discharge  ;  although  this,  as  very 
many  other  hydraulic  matters,  admits  of  further  im- 
provement through  experimental  investigation. 

The  observations  of  Captain  Cunningham  on  lai^ 
canals  tend  to  the  condemnation  of  this  relation  between 
mean  and  maximum  velocity  as  a  general  law ;  it  be- 
comes therefore  necessary  to  confine  its  direct  application 
to  cases  corresponding  to  those  of  the  small  biefs  or 
branch  distributaries  on  which  Bazin  made  his  experi- 
ments. (See  Chapter  II.,  Bazin's  gauging.)  In  any 
extended  application  of  the  principle  some  allowance 
must  certainly  be  introduced  for  the  locus,  or  sectional 
position,  of  the  fillet  of  maximum  velocity  ;  and  limits 
must  be  imposed  both  to  tha  form  of  section  and  con- 
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ditions  of  roughness  and  irregularity.  At  present  the 
principle  is  useful  to  hydraulicians  in  relative  application. 
It  will  be  further  referred  to  in  Section  8  of  this  Chapter 
on  Velocities. 

2.  Ttie  second  stage  of  development  was  effected  by 
Kutter  and  Ganguillet  Their  own  experiments  on  tor- 
rents and  streams  in  Switzerland,  combined  with  the 
results  of  Humphreys  and  Abbot  on  very  large  rivers, 
led  them  to  believe  that  the  coefficient  should  not  be 
confined  within  so  small  a  number  of  categories,  and 
that  the  coefficient  was  a  function  of  the  hydraulic 
slope,  besides  being  a  function  of  the  roughness  of  sur- 
face acted  on  by  the  water,  and  of  the  hydraulic  mean 
radius  of  the  section.  They  therefore  extended  the 
categories  of  coefficients  for  artificial  open  channels 
in  earthen  beds  from  one  to  four  distinct  classes,  and 
increased  the  other  categories  adopted  by  Bazin  from 
three  to  six  ;  these  new  ten  classes  being  arranged  in 
accordance  with  the  following  coefficients  (n)  of  rough- 
ness and  irregularity  adopted  as  suitable  to  the  surface 
under  consideration. 

General  values, 

•009— Well-planed  plank. 

*010 — Very  smooth  surfaces,  plasters  in  cement. 

'Oil — Plaster  in  cement,  with  one-third  sand. 

*012— Unplaned  plank. 

'013 — Brickwork  and  cut  stone. 

•017 — Rubble  masonry. 

'020 — Canals  with  bed  and  banks  of  very  firm  gravel,  well  punned. 

'025 — Rivers  and  Canals  in  Earth,  in  perfect  order  and  r^men,  and  per- 
fectly free  from  stones  and  weeds. 

'030 — Rivers  and  Canals  in  Earth,  in  moderately  good  order  and  regimen, 
having  stones  and  weeds  occasionally. 

■038 — Rivers  and  Canals  in  Earth,  in  bad  order  and  regira«n,  having  stones 
and  weeds  in  great  quantity. 
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The  values  of  the  coefficients  of  discharge  {c)  depend 
on  the  value  of  (n),  as  well  as  on  the  hydraulic  slope  and 
hydraulic  radius  of  the  open  channel  under  consideration, 
in  accordance  with  the  following  formula  for  French 
measures. 

23+ ;,  +«J5^ 

which  is  also  given  in  the  following  form : — 

z 

u  oa  .  1  .  0*00155         ,  f^^  .  0-001 56\ 

where  0=23+  -+ ?^ — ;  anda;=7i(  23  + = —  ), 

n         S  \  S     J 

The  values  of  c^  for  French  measures  are  tabulated 
in  Herr  Kutter*s  book  *  Die  neuen  Formeln  fiir  die 
Bestimmung  der  mittlem  Geschwindigkeit  des  Wassers 
etc'  pages  336,  386,  and  436,  for  the  three  classes  in 
which  71=0025,  0*030  and  0*035  respectively,  and  a  dia- 
gram there  given  enables  c^  to  be  roughly  read  off  for 
any  conditions.  The  same  data  with  complete  tables  of 
velocities  and  dischai^es  suited  to  French  measures  are 
reprinted  with  the  consent  of  Herr  Kutter  and  attached 
to  a  translation  entitled  *  The  New  Formula  for  Mean 
Velocity  of  Discharge  *  (London,  1876,  Spon). 

The  values  of  c,  a  corresponding  coefficient  suited  to 

English  feet,  may  at  any  time  be  easily  derived  from  any 

value  of  c,  calculated  or  given  for  French  mitres  by  the 

formula 

(J =0*0181  c^ 

It  is,  however,  preferable  to  obtain  English  data  in  a 
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more  direct  manner  from  special  English  tables,  as  will 
be  hereafter  explained. 

3.  Tlie  third  stage  of  development  of  these  variable 
coefficients  was  carried  out  by  the  author  of  this  book  at 
the  request  of  the  Indian  Government  in  1877  and  1878. 
The  general  truth  of  the  formula  of  Herr  Kutter  had 
previously  been  accepted  by  him,  after  a  lengthy  inves- 
tigation of  the  principles  and  the  recorded  basic  experi- 
ments ;  the  formula  itself  had  also  already  been  em- 
ployed by  him  in  the  calculations  for  some  engineering 
designs  for  Mr.  John  Fowler.  The  elasticity  of  the 
formula,  however,  acted  both  as  an  advantage  in  general 
applicability  and  as  a  disadvantage  in  choice  of  category 
or  class  ;  almost  everything  centred  itself  in  the  choice 
of  the  value  of  n,  the  coefficient  of  roughness  and  irregu- 
larity ;  for  the  effect  of  various  values  of  R  had  been 
justly  met  in  the  formula,  and  that  of  various  values  of 
S  had  been  perhaps  too  cautiously  allowed,  yet  was 
approximately  and  substantially  correct  A  fresh  inde- 
pendent determination  of  a  set  of  values  of  n  was  there- 
fore necessary. 

The  author  having  been  for  many  years  and  in  many 
places  a  persistent  observer  and  collector  of  data  of 
hydraulic  experiment,  having  had  unusually  numerous 
opportunities  since  1859  on  works  of  irrigation,  on  river 
improvement  works,  on  canals,  and  on  waterworks  both 
in  South  America  and  in  Northern,  and  Southern  India, 
of  obtaining  such  information,  and  also  having  been 
permitted  both  at  Calcutta,  Madras,  Bombay,  and  in 
London  to  search  among  official  records  of  such  works, 
it  was  hoped  that  enough  would  be  forthcoming  to  give 
some  limits  to  the  application  of  the  formula  for  canals 
by  fixed  values  of  n  of  independent  determination. 
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The  result  of  these  labours  and  collections  was  suc- 
cessful so  far  as  it  affected  canals  in  earth,  within  the 
range  of  the  records,  of  cases  that  had  fallen  under  his 
personal  observation,  and  that  thus  admitted  of  little 
doubt  as  to  condition. 

Briefly,  the  results  were,  that  none  of  the  cases  in 
canals  in  earth  were  below  w=0'0l7,  that  the  cases  in 
which  71=0*025  was  approximately  applicable  were  not 
canals  in  by  any  means  perfect  order,  that  any  channels 
of  a  condition  suited  to  71=0*035  were  from  irregularity 
beyond  the  scope  of  anything  but  excessively  coarse  and 
almost  useless  determination  ;  and  that  a  lai^e  number 
of  cases  of  canals  in  good  order  happen  to  give  a  value 
of  n  not  far  from  0*0225. 

Five  fixed  classes  were  therefore  assigned  to  canals 
in  earth  of  various  soils,  and  in  various  conditions. 

1st    71=0*020    for  very  firm,  regular,  well-trimmed  soil. 
2nd   71=0*0225  for  firm  earth,  in   condition  above  the 

average. 
3rd    71=0*0250  for  ordinary  earth  in  average  condition. 
4th    71=0*0275  for  rather  soft  friable  soil  in  condition 

below  the  average. 
5th    71=0*030  for  rather  damaged  canals  in  a  defective 

condition. 

The  attempts  of  the  author  to  determine  indepen- 
dently values  of  71  suited  to  canals  in  artificial  materials, 
plank,  rubble,  ashlar,  and  cement,  were  ineffectual  from 
want  of  sufficient  mention  of  age,  quality,  and  condition 
of  surface  of  these  materials  in  recorded  cases  of  experi- 
ment then  forthcoming.  For  the  special  material  rubble 
these  latter  did   not  afford  quite  sufficient  reason  for 
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objecting  to  Herr  Kutters  value  of  n=0*0l7  for  that 
material  in  a  normal  condition,  but  they  did  indicate  a 
wide  range  of  values  ;  as  to  other  materials,  nothing  re- 
sulted on  account  of  the  reason  before  given  ;  the  general 
conclusion  was  that  each  material  should  have  a  wider 
range  of  values  of  n  suited  to  "various  conditions. 
Accepting,  therefore,  the  normal  values  given  by  Herr 
Kutter  as  correct,  the  extension  of  their  range  was 
effected  by  the  following  arrangement 

n=r  0*010  Smooth  cement,  worked  plaster,  planed  wood, 

and  glazed  surfaces  in  perfect  order. 
n= 0*013  The  materials  mentioned  under  0*010  when  in 

imperfect  or  inferior  condition.     Also   brickwork, 

ashlar,  and  unglazed  stoneware  in  a  good  condition. 
71=0017  Brickwork, ashlar, and  stoneware  in  an  inferior 

condition.     Rubble  in  cement  or  plaster  in  good 

order. 
71=0*020   Rubble   in   cement  in  an  inferior  condition. 

Coarse  rubble  rough-set  in  a  normal  condition. 
71=0*0225  Coarse  dry-set  rubble  in  bad  condition. 

It  may  be  noticed  that  it  might  be  considered  prefer- 
able to  give  more  simple  values  to  71,  as  i,  1*3,  1*7,  2,  2^, 
etc.,  and  to  modify  the  general  formula  to  suit  them ; 
but  as  there  is  yet  some  doubt  on  this  point,  and  as 
established  custom  must  be  considered  also,  the  values 
have  for  the  present  been  allowed  to  retain  their  original 
form. 

Application  of  the  coefficients, — Coefficients,  velocities, 
and  discharges  suited  to  canals  of  practical  dimensions 
and  data,  were  worked  out  and  tabulated  in  accordance 
with  these  results  ;  they  will  be  found  in  *  Canal  and 
Culvert    Tables*    (London,    1878,  Allen).     Tables   of 
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the  coefficients  are  also  given  in  the  Working  Tables 
of  this  book  (see  Table  XI L)  ;  these  can  be  applied  to 
the  tabulated  values  of  100  s^RS,  given  in  Table  VII.  ; 
thus  obtaining  for  any  case  the  value  of  a  mean  velocity, 

from  the  formula  

4^=c .  100  ^'HS. 

Also  to  obtain  Q,  the  corresponding  quantity  of  dis- 
charge, the  values  of  A^  the  section  of  flow,  or  hydraulic 
sectional  area,  may  be  taken  from  Table  IV.,  thus  com- 
pleting the  data  for  the  formula 

A  value  of  c  may,  however,  be  occasionally,  though 
rarely,  required  for  some  intermediate  value  of  ti  ;  in  that 
case  it  may  be  interpolated  without  important  error,  or, 
if  accuracy  be  required,  it  should  be  calculated  from  the 
formula.  This,  after  reduction  of  terms  for  direct  appli- 
cation to  English  feet,  has  been  altered  into  the  following 
more  convenient  form  : — 

lOOnKm-^  VrJ 

u  ( A^  a  .  0O028n 

where  m«nf  41-6  +  — ^^ — J. 

For  the  converse  process  of  determining  a  value  of  n 
from  given  data,  which  is  more  complicated,  see  an  ex- 
ample at  pages  376-377  of  *  Canal  and  Culvert  Tables,* 
before  mentioned. 

As  it  is  of  interest  to  notice  the  effect  of  the  values 
of  71  on  the  coefficient  c,  under  ordinary  hydraulic  slopes 
of  from  I  in  1000  to  i  in  10  000,  the  two  following 
pages  of  tabulated  values  are  here  given  ;  they  show 
that  c  varies  there  from  0*329  to  2*  170,  the  extremes 
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practicable  being  about  0*25  and  2*50.  From  this  it  is 
evident  that  if,  from  unwillingness  to  turn  over  the  pages 
of  tabular  quantities  in  this  book  or  in  the  '  Canal  and 
Culvert  Tables/  it  be  preferred  to  use  a  fixed  coefficient 
of  unity,  c=l,  for  every  case  of  velocity  in  canals,  the 
extreme  error  may  be  thrice  in  excess,  or  more  than  a 
half  in  diminution,  while  the  calculated  probability  of 
ever  being  right  approximates  to  zero. 

The  above-mentioned  mode  of  calculating  mean 
velocities  and  discharges  is  intended  to  apply  generally 
to  straight,  uniform  reaches  of  open  channels.  For  ordi- 
nary natural  channels,  as  of  streams  and  rivers,  it  affords 
merely  a  coarse  approximation,  as  such  discharges  can- 
not be  accurately  ascertained  without  some  velocity- 
observation. 

It  will,  however,  be  perfectly  evident  that  the  general 
method  does  not  by  any  means  preclude  the  application 
of  an  allowance  or  deduction  for  special  circumstances. 
In  actual  fact,  few  channels  are  either  perfectly  straight, 
perfectly  regular,  or  free  from  easily  estimated  lateral 
and  longitudinal  irregularities  ;  variety  in  this  particular 
alone  may  affect  the  amount  of  discharge  by  as  much 
as  twenty  per  cent.,  even  after  making  allowance  for  loss 
of  head  by  bends  and  obstructions.  The  local  conditions 
of  a  channel,  the  wind,  the  amount  of  silt  in  suspension, 
the  motion  of  its  shoals,  the  change  of  the  set  of  its 
currents,  all  seriously  affect  a  discharge  calculated  from 
data  that  make  no  allowance  for  these  circumstances. 
These  causes  of  retardation  are  enumerated  in  section  i 
of  this  chapter. 

For  canals  and  regular  rectangular  and  trapezoidal 
channels  in  earth  in  good  order,  the  calculated  discharges 
will  be  more  correct   than  those  for   deteriorated   and 
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CotffidenU  of  mean  velocity  suited  to  various  materials,  caUulaled 
for  a  fixed  value  of  S=y0001. 
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irregular  channels ;  the  errors  due  to  various  irregulari- 
ties in  the  former  case  forming  a  smaller  percentage.  For- 
mulae for  velocity  and  for  discharge  are,  however,  almost 
as  frequently  used  in  determining  a  section  of  canal 
intended  to  convey  a  certain  discharge,  as  to  obtain  a 
discharge  from  data  of  an  actual  canaL 

In  these  cases,  a  consideration  of  the  various  forms  of 
section,  suitable  to  different  purposes,  is  also  necessary. 
This  matter  has  been  treated  and  repeated  in  nearly  the 
same  terms  in  all  works  on  hydraulics  published  in  the 
last  half-century  ;  the  ideas  were  perhaps  due  to  laborious 
hydraulicians  now  forgotten,  as  they  cannot  be  clearly 
traced  ;  and  little  can  be  now  added  to  them ;  but  as 
the  entire  omission  of  the  subject  in  this  Manual  might 
cause  disappointment,  section  6  will  be  devoted  to  that 
special  subject,  though  its  treatment  will  be  slightly 
modified  to  suit  modem  notions  of  discharge. 


T/te  discharge  of  pipes. 

The  calculation  of  the  discharge  of  pipes  may  be 
conducted  either  on  the  same  principle  as  that  of  arti- 
ficial channels  or  on  that  of  orifices.  It  is  extremely  un- 
fortunate that  the  investigations  of  Ganguillet  and  Kutter 
were  limited  to  open  channels,  and  hence  the  application 
of  their  principles  to  pipes,  though  rationally  superior  to 
any  other  mode  previously  adopted,  cannot  be  conducted 
with  the  same  amount  of  experimental  record  in  support 

Assuming  then  the  general  formula  for  mean  velocity 
of  discharge — 

7=cxlOO(i^fif)^ 

and  adapting  it  to  terms  of  the  diameter  of  a  pipe  in 
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feet ;  it  becomes  for  full  cylindrical  pipes  and  tubes  of 
all  sorts,  where  R^^d  and  d  is  the  internal  diameter, 

F=cx50((i/S)*, 

and  as  the  actual  discharge  is  the  quantity  more  usually 
required  direct  in  the  case  of  pipes,  this  is — 

Q=il  F=c  X  0-7854d»  x  50(dS)^, 

«ccx39-27(5(i»)*, 

for  discharges  in  cubic  feet  per  second. 

The  converse  forms  of  this  expression  being — 

WSJ  ' 
J?-lx  00648^, 

where  H  is  the  head  in  feet  for  a  length  of  100  feet,  or 
is  equal  to  100  5. 

The  values  of  these  quantities  are  given  in  Parts  I, 
2,  3,  and  4,  of  Table  VIII.,  for  a  value  of  c— 1,  and  the 
values  of  c  given  in  the  table  of  coefficients  of  discharge. 
Table  XII.,  can  be  applied  ;  the  powers  and  roots  of  c 
can  be  taken  from  the  Miscellaneous  Tables. 

With  regard  to  these  coefficients,  it  will  be  noticed 
that  for  want  of  sufficient  experimental  data,  a  coeffi- 
cient of  roughness  71 =0*010  has  been  assumed  as  appli- 
cable to  glazed  or  enamelled  metal  pipes,  and  one  of 
0*013  for  ordinary  metal  and  earthenware  or  stoneware 
pipes  under  ordinary  conditions,  but  not  new ;  and  there 
is  every  reason  to  believe  that  these  assumptions  are 
generally  correct,  if  we  compare  the  smoothness  of  sur- 
face of  a  glazed  pipe  with  that  of  very  smooth  plaster  in 
cement,  and  that  of  an  ordinary  pipe,  in  average  condi- 
tion, with  that  of  ashlar  or  good  brickwork  ;  in  addition 

£ 
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to  this,  such  few  partial  and  limited  experimental  data 
as  are  available  support  this  assumption. 

In  applying,  however,  to  pipes  the  coefficients  of 
discharge  resulting  from  the  foregoing  formula,  one 
would  naturally  be  unwilling  to  push  to  extremes  a 
principle  derived  from  observation  on  open  channels, 
and  would  prefer  stopping  at  a  point  where  the  ex- 
perimental data  now  forthcoming  leave  us.  It  would, 
therefore,  seem  imprudent  at  present  to  assume  that  the 
asserted  law  of  coefficients  holds  good  for  an  hydraulic 
radius  R  less  than  0*1  foot.  This  limiting  hydraulic 
radius  of  0*1  foot  or  of  I  tithe  or  tenth  is  that  of  a  5-inch 
pipe,  or  a  pipe  having  a  diameter  of  0'4  foot ;  and  in  cases 
of  falls  steeper  than  0001  the  corresponding  coefficientfor 
glazed  pipes  is  0'84,  and  for  ordinary  pipes  0*61.  Hence 
for  the  present,  and  until  further  experiments  have 
thrown  more  light  on  the  subject,  it  may  also  be  as- 
sumed that  the  coefficient  of  discharge  for  all  full  cylin- 
drical pipes,  having  a  diameter  less  than  0*4  feet,  will  be 
the  same  as  for  those  of  that  diameter. 

Reverting  to  the  original  formulae  for  mean  velocity 
and  for  discharge  in  pipes  of  all  sorts. 


F=c.lOOyiJS 


Q=AF=A.c.lOON/i2S 

it  must  be  borne  in  mind  that,  though  with  open  channels 
and  unfilled  culverts  S  represents  the  sine  of  the  slope  of 
the  water  surface,  with  filled  pipes  under  low  heads  due 
to  their  inclinations  8  represents  the  sine  of  a  mean 
hydraulic  slope  that  is  not  necessarily  identical  with  the 
inclination  of  any  part  of  the  pipes  ;  while  if  there 
should,  in  addition,  be  any  permanent  statical  head  of 
pressure  on  the  upper  entrance  of  the  pipe,  the  conditions 
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are  again  changed  by  this  further  complication,  and  the 
above  principle  is  then  only  partially  applicable. 

With  siphons  also  that  have  been  exhausted  of  air,  a 
statical  pressure  of  one  atmosphere  is  added  to  the  effec- 
tive differential  head. 

These  matters  will  be  further  explained  in  Section  7, 
devoted  to  the  hydraulic  slope. 

It  must  also  be  noticed  that  it  is  merely  with  filled 
cylindrical  pipes  that  the  mean  hydraulic  radius  is  equal 
to  one-fourth  their  diameter.  In  all  other  cases  the  value 
of  R  must  be  determined  from  the  section  of  flow,  what- 
ever it  may  be,  by  dividing  that  sectional  area  by  the 
wet  perimeter  of  the  bottom  and  sides  up  to  water  surface 
level.     This  subject  will  be  treated  in  Section  6. 

Bearing  in  mind  the  liabilities  under  these  two  special 
peculiarities,  it  yet  remains  that  both  S  and  R  have 
certain  values  in  connexion  with  pipe  discharge  that 
may  be  applied  in  the  general  formulae  originally  given. 


6.    The   Hydraulic   Section   or   Section   of 

Flow. 

On  examining  the  equations  representing  the  prin^ 
ciple  of  flow  and  of  discharge  (Section  I,  Chapter  I.), 
it  will  be  noticed  that  the  sectional  area  of  flow,  and 
its  function  the  hydraulic  mean  radius,  are  both  involved. 

There  may  still  remain  considerable  doubt  whether 

in   all   cases   the  mean  hydraulic  radius,  iJ=s-p,  is  the 

exact  term   for  correct  introduction  into  any  general 
formula  of  the  type^ 

Q  =  Ay=A,c,100v';5flf, 

E2 
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In  excessively  wide  and  comparatively  shallow  sections 
of  flow  the  resistance  of  the  air  on  the  water  surface  be- 
comes an  important  function,  and  in  that  case,  the  prime 

hydraulic  radius  12j=-p — =r^  might,  as  adopted  by  Cap- 
tain Humphreys  and  Abbot  on  the  Mississippi,  be  more 
suitably  introduced,  with  a  corresponding  new  set  of  co- 
efficients C|  in  place  of  c.  In  the  converse  case  of  very 
narrow  and  very  deep  sections  of  flow,  an  augmented 

hydraulic  radius  flj = -= — ^  might  be  a  convenient  means 

of  modification  for  obtaining  the  augmented  discharges 
actually  resulting  in  such  sections,  that  are  physically 
due  to  diminished  total  friction  on  the  perimeter  that 
mostly  consists  of  the  two  sides. 

There  is,  however,  much  doubt  as  to  the  mode  and 
limits  within  which  these  functions  could  be  correctly  in- 
troduced ;  while  the  two  extremes  of  excessive  width  and 
of  very  great  depth  of  section  are  of  comparatively  rare 
practical  occurrence.  A  general  adherence  to  the  use  of 
i2,  the  mean  hydraulic  radius  in  all  ordinary  cases,  is 
hence  advisable,  and  will  for  purposes  of  convenience  be 
assumed  in  this  book,  except  where  otherwise  mentioned. 

The  relative  dimensions  of  the  hydraulic  section  or 
section  of  flow  become  important  principally  from  two 
points  of  view ;  first,  when  the  maximum  discharge  pos- 
sible through  the  section  has  to  be  considered,  as  in 
drainage-cuts,  flood-escapes,  and  such  channels  where 
erosion  from  high  velocity  might  not  be  a  serious  defect ; 
secondly,  when  in  design  there  is  sufficient  scope  for 
various  forms  of  section  that  would  have  equal  discharg- 
ing powers,  and  among  which  a  choice  has  to  be  made. 
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Tlu  conditions  of  the  canal  section  of  maximum 

discharge. 

From  the  functions  involved  in  the  general  formula 
of  discharge 

it  is  evident  that  though  the  conditions  of  a  complete 
maximum  cannot  be  determined,  those  of  a  partial  and 
nearly  complete  maximum  admit  of  reduction  in  known 
terms.  Assuming  that  the  side  slopes  of  the  section  are 
fixed  by  practical  considerations  of  soil,  &c,  that  the 
hydraulic  slope  is  constant,  and  the  coefficient  of  rough- 
ness also  ;  and  using  the  following  symbols  : 

Let  ^  to  1  be  the  given  ratio  of  the  side  slope. 

6  and  d  the  bed  width  and  depth  of  the  water 
section. 

R  the  mean  hydraulic  radius. 
F  the  wet  perimeter. 
8  the  hydraulic  slope. 

Now  with  a  trapezoidal  section  of  any  proportions, 

"^"""6  +  2^(1 +  «'»)* 

Under  the  condition  of  maximum  discharge,  A  will 
be  a  maximum,  so  also  will  22 ;  and  when  these  are 
temporarily  constant,  P  will  be  a  minimum. 

hence  9A=d.9b-^b.9d+2td.9d^O        (i) 

^P=     ^6  +  2^(1  +  ^)*      -0        (2) 

Subtracting  (i)  from  (2), 

23dl(l  +  fi)*--td\  +^6(l-(i)-6W=0; 
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substituting  for  ^6  its  value,  —  2^d  (1  +^')  , 
dividing  by  M  and  reducing, 

substituting  this  value  of  6,  in  A=(i  (-ft  +  ^ci), 

6=2  vi{2  (1  +  ^')*-  ^  }'*  X  { a+^')*-^} 

and  iJ= 

6  +  2(i(l+^')* 

Then  for  any  given  value  of  iy  the  quantities  d  and  6 

may  be  expressed  in  terms  of  ^^A  with  numerical  coeffi- 
cients ;  according  to  the  following  table. 

The  above  results  may  also  be  reduced  to  another 
form  of  expression. 

If  a  the  angle  of  inclination  with  the  horizon  of  the 
side  slope  be  given,  it  is  evident  from  the  above  that 
^=cotg  a,  and  A  may  be  also  expressed  in  the  old 
form,  d'(cosec  a-f  tan  \  a)  ;  whence  also  corresponding 
values  of  d  and  6  may  be  reduced  from  given  values  of 
a  ;  this  form  is,  however,  not  practically  as  convenient 
as  the  former. 

The  geometrical  figure  obtained  by  this  process  is  a 
trapezoid  touching  a  semicircle  ;  it  has  the  least  perimeter 
for  a  given  area,  and  has  greatest  values  of  22,  F,  Q,  and 
approximately  of  c.     It  cannot  be  drawn  or  determined 
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geometrically  under  ordinary  practical  conditions,  but 
after  algebraic  determination  it  may  be  verified  by  dia- 
gram. 

Table  of  relative  Trapezoidal  Sections  of  maximum  discharge 
having  a  given  area  A,  and  given  side  slopes  t  /<?  1. 


Numerical  factors  to  be  multiplied  by  'sfA    \ 

Ratio  of 
side  slope 

Corresponding 
value  of  A  in  terms 

/tol 

for  d  depth 

for  h  bed  width 

for  R  hydraulic 
radius 

oftf 

Otol 

07071 

1*4142 

03536 

2<i« 

itol 

07430 

i*i6oi 

0-3715 

i-8ii6rf« 

itol 

07590 

0*9382 

0-379S 

I -7361  d^ 

ftol 

07587 

0'8l2I 

0-3794 

I -7370 <^ 

ltd 

07559 

07559 

0-3780 

1-75^ 

ltd 

0739s 

0*6126 

0-374S 

i*8284/?« 

U  td 

07158 

0-5021 

0-3579 

1-9516^* 

litd 

0  7071 

0-4714 

03536 

2rf2 

Utol 

0*6891 

0-4174 

0-3445 

2*1056^^ 

If  td 

0'662i 

03517 

0-3310 

2-2812  r/^ 

2to1 

0-6434 

0*3003 

0-3180 

2-4722  c/*^ 

2ito1 
3td 

0-5887 

0-2268 

02944 

2*8852  f/- 

0-5484 

0-1780 

0-2742 

3-3246  rf- 

4td 

0-4853 

0-1195 

0*2426 

4*2462  dr 

1 

This  general  trapezoid  comprises  also  the  rectangular 
and  the  square  sections  ;  these  including  most  ordinary 
forms  of  canal  and  channel  section.  Sections  with 
curved  side-walls  may  be  dealt  with  by  an  approximative 
corresponding  process.  The  theory  applied  in  the  fore- 
going reduction  is  not  complete  nor  rigidly  correct, 
though  nearly  so ;  its  application  to  deep  sections  in 
which  the  depth  exceeds  the  width  in  moderation  will 
be  less  accurate,  and  it  probably  would  not  hold  at-  all 
for  those  in  which  the  depth  exceeds  double  the  width. 
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The  condition  of  equal-discharging  canal  sections. 

In  navigable  canals,  and  canals  of  supply  and  of  irri- 
gation, high  velocities  and  great  fluctuation  of  draught 
under  variation  of  supply  are  generally  inadmissible, 
thus  precluding  the  use  of  sections  of  absolute  maximum 
discharge.  An  economic  section  will  then  not  allow  of 
any  waste  of  sectional  area,  or  of  depth  which  is  more 
expensive  than  width,  but  will  have  the  highest  maximum 
discharge  that  the  limiting  predetermined  velocity  and 
other  fixed  local  circumstances  admit.  These  circum- 
stances are,  the  nature  of  the  soil  in  the  bed  and  banks, 
their  liability  to  damage  from  erosion,  and  the  side  slope 
that  can  be  practically  maintained  in  it ;  the  hydraulic 
slope  and  the  inclination  of  bed  that  are  locally  practi- 
cable ;  and  in  some  cases  the  navigable  depth  to  be 
maintained  during  conditions  of  lowest  supply.  The 
mean  width  of  section  therefore  generally  remains  the 
only  important  function  of  discharge  that  can  be  much 
varied  in  designing  the  section  ;  hence,  if  a  predetermined 
depth  has  to  be  approximately  maintained,  the  usual 
practice  is,  to  assume  originally  some  fixed  convenient 
ratio  of  mean  width  to  depth,  such  as  lo  to  i,  14  to  i,  or 
16  to  I,  and  after  calculating  the  velocity  due  to  this  as 
well  as  the  other  predetermined  conditions,  to  reduce  or 
increase  the  assumed  mean  width  by  two  or  three  feet  at 
a  time  by  repeated  trial  until  a  safe  bottom  velocity  is 
attained  in  the  form  of  section. 

Such  a  final  section  being,  then,  safe  as  r^^ards  limit- 
ing  velocity  and  sufficient  for  the  required  discharge,  is 
then  perhaps  only  one  out  of  a  number  of  equal-dis- 
charging sections  that  might  be  devised  ;  and  some 
other  one  of  ^ese  might  be  preferable  for  any  special 
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reason.      It   may  therefore  be  necessary  to  know  the 

relations  between   mean  width  and  depth   in   such  a 

series  of  sections,  when  the  side  slopes  have  been  finally 

determined. 

In  order  to  discover  the  relation  between  mean  width 

and  depth,  giving  various  sections  that  will  discharge 

the  same  quantity  of  fluid,  when  the  hydraulic  slope  is 

a  constant  quantity,  we  must  use  the  condition  that  the 

areas  of  all  such  sections  are  inversely  as  the  square 

roots  of  their  hydraulic  radii ;  that  is, 

WD 
A  Vl^^a,  ^,  constant ;  and  as  A^^WD  ;  R=  w.oD  * 

this  becomes  __^=a^ 

which  may  be  reduced  to  either  of  the  following  forms 
in  terms  of  the  modified  section  according  as  either  d 
or  w  is  the  new  quantity  sought. 


2a« 


a 


a 


2 


2a« 


cP^ZTLd"  ^=^0  :  or  ii;^-— ti;-frL  =  0. 
w^      w^       '  d^         d« 

In  the  first  case,  let  Tr=100,  2)=  1,  2,  3,  4,  5,  6,  suc- 
cessively, then  the  values  of  a  are  thus  in  each  of  the 
six  cases, 

Z)   .    .      1  2  3  4  5  6 

a   .     ,   99-01    277-3    504-7    7699    1066     1389 

and  for  a  fixed  value  t(;=90,  the  corresponding  values 
of  (2  are 

d   .    .    1-074   2151    3-232    4312    5391    6483 

and  for  a  fixed  value  of  d= 2-5,  the  corresponding  values 
o(w  are 


w 


.  27-25    72-53    1301    1972    272-1    353-8 
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The  application  of  this  principle  is  useful  in  design- 
ing canal  sections,  where  the  discharge,  the  hydraulic 
slope,  and  either  the  depth  of  water  or  the  width  are  to 
be  invariable  throughout  a  long  course. 

The  table  of  equal-discharging  sections,  arranged  in 
several  groups  in  Table  V.  answers  most  practical  pur- 
poses  of  this  sort,  as  it  admits  of  interpolation  ;  but  in 
any  very  special  case  it  will  be  necessary  to  compute 
from  the  above  formula  and  solve  the  cubic  equation 
for  each  result.  In  such  work  the  trigonometrical 
solution  given  at  page  i88  of 'Accented  Four  Figure 
Logarithms  *  (London,  1 88 1 ,  Allen)  with  the  help  of  those 
tables  *  will  give  results  correct  in  four  figures  with  the 
minimum  of  labour. 

Sections  of  flow  in  water-pipes. 

The  form  of  hydraulic  section  of  a  water-pipe  admits 
of  little  or  no  variation.  All  small  water-pipes  and 
most  large  ones  are  generally  cylindrical  and  kept  con- 
stantly full  during  discharge,  for  the  reason  that  a  circular 
section  perfectly  fulfils  the  conditions  of  a  maximum- 
discharging  section,  as  it  has  the  least  wetted  perimeter 
for  a  given  sectional  area.  An  open  semicircle  has  the 
same  geometrical  property,  and  also  has  its  hydraulic 
mean  radius  equal  to  half  its  middle  depth,  but  this  is 
not  the  case  with  a  closed  semicircle.  The  relative 
dimensions  of  such  sections  in  terms  of  the  square  root 
of  the  area  are  thus : — 


*  Tables  of  sines  to  seconds  for  the  first  thirty  minutes  have  been  added 
to  that  book  for  this  special  purpose. 
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Section 

Numerical  factors  to  be  multiplied  by  '^A 

Correspond- 
ing values 
of  il  in  terms 
ofd- 

ford 
depth 

fortff 
surface  width 

for  R 
hydraulic  radius 

Circle      .     .     . 

Open  semicircle 

Open  segment  of 
90''  .... 

1*1284 
07979 

03729 

0 

I  -5958 

I '8002 

0*2821 
0*3990 

0*5642 

0*7854  d^ 

i*57o8<i' 

0*9155  d^ 

In  old  water-pipes  the  section  may  be  much  dimi- 
nished by  incrustation  and  deposit ;  when  this  is  the 
case,  the  reduced  section  should  be  employed  in  calcu- 
lating its  discharge  ;  but  in  most  cases  of  old  pipes  the 
cause  of  decreased  velocity  and  discharge  is  not  merely 
the  diminution  of  section,  but  the  higher  friction  due  to 
foulness  and  roughness  of  the  interior  surface,  so  that 
the  former  mode  of  making  allowance  is  grossjy  insuffi- 
cient. The  correct  method  is  to  use  a  modified  coeffi- 
cient of  roughness  (n),  and  the  corresponding  velocity 
coefficient  (c)  due  to  the  conditions  of  the  case  in  the 
general  formula 

Q=4.c.lOO  ^TiS 

See  coefficients  suited  to  old  metal,  and  damaged 
materials  in  bad  condition,  in  Working  Table,  No.  XII. 
A  still  better  method  is  to  keep  the  water-pipes  free 
and  clean,  and  apply  some  enamelling  process  as  that  of 
Dr.  Angus  Smith,  so  that  the  full  discharge  due  to  new 
material  in  good  order  may  be  always  maintained. 


Sections  of  Flow  in  Culverts  and  Drain-pipes, 

The  ordinary  conditions  and  purposes  of  a  culvert, 
sewer,  or  drain-pipe   are,  that  it  shall  carry  away  the 
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maximum  supply  of  liquid  with  a  head  of  pressure 
amounting  to  zero,  that  is,  when  just  full,  that  it  shall  be 
able  to  withstand  pressures  that  may  occur  from  a  low 
head  of  a  few  feet  when  blocked  or  over-supplied,  that 
the  form  of  its  perimeter  shall  not  favour  lodgment, 
that  the  lower  part  of  its  section  shall  be  so  formed  as 
to  secure  comparatively  high  velocity  under  low  dis- 
charge, and  that  the  upper  part  of  the  section  shall 
possess  sufficient  strength  to  withstand  the  weight  of 
superincumbent  earth,  when  buried  in  the  soil. 

The  cylinder  having  a  circular  section  does  not  com- 
pletely meet  these  requirements,  and  hence  is  generally 
adopted  for  small  culverts  and  for  drain-pipes  of  half  a 
foot  in  diameter  and  less,  regard  being  had  to  conveni- 
ence in  manufacture  and  laying. 

Larger  culverts  have  been  made  of  an  endless  variety 
of  sectional  form,  from  squares  and  deep  rectangles  with 
or  without  curved  crowns  and  inverts,  to  geometrically 
constructed  and  artificially  made-up  ovals  and  ellipses. 
The  nature  of  the  material  used  and  economy  of  con- 
struction may  outweigh  the  need  of  suitability  of 
sectional  form  in  other  respects  ;  but  when  this  is  not 
the  case  the  ovals  and  approximate  ovals  constitute  the 
best  type  of  culvert  section  from  thoroughly  answering 
the  purposes  first  mentioned.  Their  crowns  are  nearly 
semicircular,  thus  possessing  strength  ;  their  inverts  are 
sharply  curved,  thus  giving  higher  flush  when  very 
partially  filled  ;  their  sides  are  of  flat  curvature  or  nearly 
straight,  thus  preventing  lodgment.  It  may  perhaps  be 
urged  that  they  have  the  defect  of  weakness  at  the  sides 
under  lateral  pressure  of  earth  ;  this  would  doubtless  be 
a  substantial  objection  in  loose  soil  or  under  some 
special  circumstances,  but  in  firm  soil  and  in  ordinary 
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cases  it  is  a  comparatively  trivial  one,  as  the  blows  and 
shocks  received  in  laying  are  far  more  destructive  than 
ordinary  lateral  pressure ;  besides  this,  it  must  be 
noticed  that  the  excavation  for  placing  an  ovoid  culvert 
is  rectangular,  slightly  exceeding  the  external  width  of 
the  culvert,  and  necessitates  packing  or  backing ;  thus  a 
slight  increase  of  strength  is  afforded  by  the  additional 
concrete  filling.  The  bulging-in  of  sides  of  culverts  has 
thus  to  be  provided  against  under  many  circumstances, 
and  delicate  refinement  on  this  point  is  impracticable  in 
ordinary  cases,  while  the  necessity  for  avoiding  internal 
lodgment  is  peremptory.  For  the  same  reason  straight 
sides  sloping  from  the  springing  of  the  crown  to  the 
springing  of  the  invert  are  generally  both  unobjectionable 
and  advantageous. 

The  conditions  of  culverts  and  drain-pipes,  as  well  as 
usual  custom  and  practice,  impose  limits  on  their  sizes  and 
dimensions  in  section.  Cylindrical  culverts  and  drain- 
pipes are  now  seldom  made  with  diameters  exceeding 
I '5  foot ;  when  used  in  larger  sizes  it  is  in  cases  where 
they  can  be  kept  steadily  well  supplied,  and  not  allowed 
to  run  very  low,  a  condition  that  occurs  infrequently  with 
diameters  exceeding  5  feet.  Ovoidal  sewers  of  various 
patterns  are  generally  adopted  in  a  series  of  regular  sizes 
from  1  by  1*5  feet  up  to  6  by  9  feet  The  two  types  of 
oval  most  commonly  used  are  Hawksley's  and  the  Metro- 
politan pattern,  originally,  it  is  believed,  designed  by 
Phillips ;  both  of  these,  as  well  as  the  following  type,  are 
circular-headed.  The  tendency  of  engineers  up  till  now 
having  continually  been  to  adopt  culvert  sections  that 
allow  of  higher  flushing  with  the  same  amount  of  supply, 
this  principle  is  carried  out  to  the  full  in  the  Pegtop  form 
of  culvert  section  designed  by  the  author,  where  the  in- 


64  PRINCIPLES  AND  FORMULAE.  chap,  l 

For  the  same  culvert-section  when  filled  to  two-thirds 
its  depth. 

ii3ss4'15418— area  of  semicircle  to  radius  1 

=415418-l-57080xP  =2-68338 

Pa =7  •75604— arc  of  semicircle  to  diameter  2 

=7 -76604- 1-67080  x  2  =4-61444 

And  R^  the  required  hydraulic  radius  s=b0'660 

The  values  of  R^  for  any  other  diameter  are  proportional 

For  the  same  culvert-section  when  filled  to  one-third 
the  depth. 

ii3=sector  of  140*  to  radius  0-375+ J  depth  x^lt?!! 

4 

=1-22173  X  (0-376)«+0-75  x  L±.^1?5         =0-96868 

P3=arc  of  140**  to  diameter  0-75+if  of  the  total  depth 

=1-22173  xO-75+i|x  3  —2-54130 

And  R^  the  required  hydraulic  radius  =0-381 

The  values  of  ^s  for  any  other  diameter  are  proportional 

Checking  the  above  by  calculating  for  the  middle 
portion  of  the  section. 

Area=2  sectors  of  20**  to  radius  1+}  depth  x?^±r= 

4 

0-34907  +  0-75  x  ^^  =1-61470 

and  above,  2-58338 -0-96868=1-61470 

Perimeter=2  arcs  of  20*  to  diameter  2+^^  total  depth. 

=0-34907  X  2 + ii  -  3  =2-07314 

and  above,  4-61444  -  2'54130=3-07314 
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Dealing  in  the  same  manner  with  Hawksley's  Ovoid 
Section,  the  geometrical  construction  of  which  is  thus, — 

Taking  the  transverse  diameter=2,  and  the  radius 
of  the  top  semicircle  =1  ;  the  radius  of  each  curved  side 
of  45^  is=2,  the  radius  of  the  invert  of  90*  is=0-5858, 
and  the  total  vertical  depth  is  2*5858.  The  sectors  cut 
off  by  the  trisection  of  the  depth  are  164**  12'  and  2r. 

The  respective  areas  are — 

iii  =  l-5708  X  lHO-7854  x  22-p  +  0-7854  x  (0-5858)«= 3-9820 
ii2=0-138  X 1-99+0-7854  x  2«-i2+0-7854  x  -3432=2-6858. 

The  middle  area  being  more  convenient  to  calculate,  this  is 

0138xl-99  +  -36652x2»--38386x|+-34x-88578=l-6580 
and  ^3  the  area  of  bottom  portion= 2-6858 -1-6580=1-0278 

The  corresponding  perimeters  are — 

Pi=l-57080x  2+0-7854  X  4+0-7854x1-1716  =7-20337 
Pa=-13788  X  2+0-7824  x  4+0-7854  x  1-1716     =4*33753 

and  the  perimeter  of  the  middle  third  is 

=  •13788  X  2+  -36652  x  4  -1-74184 

^3=4-33753- 1-74184  =2-59569 

Hence  the  three  corresponding  hydraulic  radii  are 
i2i=0'553,  7?2=0-620,  i?3=0-396. 

Checking  the  above  by  the  top  area  and  perimeter  to  two- 
thirds  the  depth, 

area=l-5708x  l«+-36652x2«--38386  +  -34  x  -88578=2*9542 
and  3-9820-1*0278  =2-9542 

perimeter=  1-57080  x  2  -f  -36652  x  4  =4-60768 

and  7 20337 - 2*59569  =460768 
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In  the  same  way  with  PhilHps*  Metropolitan  Ovoid, 
of  which  the  geometrical  construction  is  thus  ; — 

Taking  the  transverse  diameter =2,  and  the  radius  of 
the  top  semicircles  1,  the  extreme  vertical  depth  is=:3  ; 
the  radius  of  the  curved  side =3  ;  the  radius  of  the  invert 
is  (one-sixth  the  depth,  or)  0*5  ;  and  the  depth  from 
springing  to  bottom  =  2  ;  the  curved  side  has  an  arc  of 
36^  52'  14'',  and  the  invert  an  arc  of  106^  16'.  A  trisec 
tion  of  the  depth  cuts  off  19®  28'  of  the  side  arc  in  the 
middle  portion. 

The  respective  areas,  when  full,  two-thirds  full,  and  one- 
third  full,  are 

^,=:  1 -5708  X  P + -64352  x3H -92735  x(0-6)«-2x  1-5  =4-594 
^2=4-5942  - 1-5708  «=3023 

and  the  area  of  the  middle  portion  is 

•33975  X  3«-2  x  i  x  2  x  -70693+ -29307  x  •82914«=l-887 
^3=30234- 1-8868=2:1136  «M36 

The  respective  perimeters  are 

Pi =1-57080x2+ -64352x6 +-92735x1  «a7-930 

^2=  -64352  X  6  +  -92735  fc4-788 

Mid-portion  perimeter= -33976 x 6=^2038 

P3,  of  lower  third  =2-76 

Hence  the  hydraulic  radii  corresponding  are 

/?i=sO-579,  i?j««:0-631,  and  /?3«0-413. 


For  similar  culverts  of  other  dimensions  the  areas 
can  be  reduced  in  the  ratios  of  the  squares  of  these  dia« 
meters  and  the  hydraulic  radii  in  direct  proportion  to 
the  diameters  themselves. 

The  above  cases  show  the  utility  of  the  Table  of  Arcs 
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and  Sectors  given  in  the  additional  Tables,  which  can 
be  applied  to  all  similar  purposes. 

These  three  types  of  culvert-section,  as  well  as  the 
cylinder,  are  illustrated  in  the  Frontispiece  of  Canal  and 
Culvert  Tables  by  figures  of  equal  sectional  area ;  whose 
relative  diameters  are  thus. 

Cylindrical  Section    .        .        .  M286 

Hawksle/s  Ovoid      .        .        .  1-0002  and  1-293 

Metropolitan  Ovoid  .        .        .  0-9331  and  1-3996 

Pegtop  Section  ....  09813  and  1-4720. 

They  are  divided  to  thirds  of  their  actual  longer  dia- 
meters, and  the  dotted  line  on  the  Pegtop  Section  shows 
the  gain  in  height  of  flushing  that  this  has  in  comparison 
with  the  Metropolitan  pattern,  of  equal  full  sectional 
area.  Its  form  is  effective  in  preventing  lodgment,  and 
very  convenient  in  calculations  for  intermediate  depths. 


For  the  converse  process  of  finding  the  height  to 
which  a  certain  quantity  of  liquid,  or  a  fixed  sectional 
area  will  fill  a  cylindrical  culvert,  there  are  two  practical 
modes : — 

First,  Let  a  be  the  area  of  the  wet  segment, 

I  its  perimeter,  or  arc  of  the  wet  segment, 

r  the  radius  of  the  circle, 

n  the  angle  of  the  sector, 

h  the  required  height  or  depth. 

Then  A=r— fcacr  (l— cos^J; (I.) 

For  example.— Let  a =0-229  ;  r=i  ;  Z  =  1-231  ; 

Then  by  Table  of  Arcs  and  Sectors,  n=  141'  (/  22'' 
and  A=i  (1- 0*3337)  =  0-333. 

F  2 
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Second  ntetlwd.  Without  using  cosines 

A:.  A/r^  -A;'^  =  Zx-— a  ; 

2 


fc'=^V  y^^^-  (^  -  a)\  .  .  .  (II.) 

Applying  this  to  the  same  example, 

jfc»=0125+  v^015625-(l-231  x  i— 0-229)' =0-02793, 
A:=0-1671 ;  and  the  required  depth  A=r— fc=0-333. 

It  will  be  noticed  that  in  either  case  the  length  of  the 
arc  is  assumed  ;  should  this  not  have  been  previously 
determined,  the  height  can  only  be  obtained  from  values 
of  a  and  r  through  the  tedious  process  of  solving  an 
equation  of  a  high  degree.  Thus,  the  formula  for  the 
approximate  area  of  a  segment  is 

15 


loa 


Putting  a? = ;7 ;  this  becomes  a;5(2  >/4  —  ;5x+l)=  -^^ 

Andputtingy=.*=(^)*;,«-|y'-|j3^H.^=0 

Numerical  examples  can  be  solved  with  this  formula 
by  Homer's  method,  or  more  readily  by  the  aid  of  the 
dual-logarithms  of  Mr.  Oliver  Byrne ;  modes  not  very 
well  suited  to  the  daily  wants  of  professional  men  ;  nor 
is  there  any  necessity  for  adopting  this  method,  as  the 
length  of  the  arc  must  be  obtained  to  calculate  the 
hydraulic  radius  ;  and  in  that  case  either  of  the  two  more 
practical  methods  above  exemplified  affords  a  more  rapid 
solution. 
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7,    The  Hydraulic  Slope. 

The  hydraulic  slope,  inclination,  or  declivity,  some- 
times termed  the  gradient,  is  an  important  function  in 
velocities  and  discharges  in  open  channels  and  unfilled 
culverts,  even  including  those  just  filled.  When  ap- 
plied to  liquid  flowing  under  gravity  free  from  pressure, 
the  hydraulic  slope  in  any  unit  of  length  is  the  ratio  of 
the  difference  of  level  of  the  water  surface  in  that  length 
to  that  length,  or  is  the  sine  of  the  slope  of  the  water 
surface.  Thus,  if  the  difference  of  level  in  i  000  feet  along 
the  central  fillet  of  the  water  surface  be  2  feet,  then, 

S=^=--4;.  =  0002;  and  it  is   in  this  form  that  the 
i     1000 

inclination  is  most  conveniently  introduced  in  equations 

and  calculations  of  flow  in  open  channels. 

It  should  be  noted  that  the  fall  of  the  bed  of  a 
river  or  canal  is  not  necessarily  any  function  of  the 
velocity,  expressed  by  the  value  &  The  bed  may  per- 
chance be  uniform  in  regular  fall,  and  also  exactly 
parallel  to  the  water  surface  for  some  distance,  or  it 
may  be  otherwise,  or  highly  irregular.  When  parallel, 
the  fall  of  the  bed  happens  to  be  represented  by  S ; 
when  otherwise,  the  longitudinal  irregularity  is  comprised 
in  the  term  n,  the  combined  coefficient  for  roughness 
and  irregularity. 

The  slightest  variation  in  S  having  so  important  an 
effect  on  the  mean  velocity,  its  value  in  cases  of  channels 
and  rivers  of  slight  inclination  should  be  determined  by 
exact  levelling  operations  on  both  banks  between  accurate 
gauge-levels  and  carefully  verified. 
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In  canals  and  culverts. 

In  designs  of  canals  for  irrigation,  water  supply, 
or  drainage,  the  hydraulic  slope  is  generally  also  the 
inclination  of  the  bed,  and  this  is  determined  to  suit  the 
limiting  velocities  allowed  in  the  canal,  the  maximum 
being  that  nearly  producing  erosion,  the  minimum  one 
that  just  deposits  sediment.  When  such  canals  exist  not 
only  in  design,  but  in  operation,  the  actual  hydraulic 
slope  must  be  obtained  by  observation. 

In  navigable  canals  the  conditions  are  sometimes 
similar,  though  more  often,  as  the  canal  may  consist  of 
several  still-water  reaches,  a  hydraulic  slope  does  not 
exist  or  is  exceedingly  slight. 

In  culverts  and  drain-pipes  in  their  ordinary  state 
not  under  pressure,  the  hydraulic  slope  exists  as  in  open 
canals  ;  the  inclination  of  the  bed  or  invert,  arranged  in 
accordance  with  local  conditions  and  available  outfall, 
being  generally  nearly  parallel  to  it. 

When  a  culvert  is  blocked,  a  low  head  of  pressure  may 
accumulate ;  the  case  then  becomes  one  of  discharge 
under  pressure,  corresponding  to  that  of  water-pipes. 

In  water-pipes. 

In  pipes  under  considerable  pressure,  such  as  water- 
pipes  under  a  statical  head  of  50  feet  or  more,  the  term 
hydraulic  slope  is  not  strictly  applicable  to  any  actual  or 
theoretical  inclination,  but  is  used  for  the  theoretic  in- 
clination  from  the  point  where  the  pressure  is  zero  to 
any  point  of  discharge  under  consideration. 

The  discharge  and  also  the  velocity  at  any  point  in 
a  continuous   series  of  pipes   under  pressure  arc  those 
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due  to  the  statical  head,  or  difference  of  level  between 
water  surface  in  the  reservoir,  or  top  of  the  stand-pipe  as 
the  case  may  be,  and  the  point  under  consideration  ;  the 
section  at  the  point  of  actual  severance  and  discharge 
may  be  treated  as  an  orifice  under  direct  head,  and  the 
velocity  calculated  as  that  due  to  the  head  and  section 
less  all  allowances  for  friction,  bends,  and  contractions 
along  the  whole  course  of  ,the  water  from  its  highest 
point  All  such  causes  of  loss  of  velocity  are  represented 
by  the  effects  that  would  be  produced  by  corresponding 
loss  of  head  of  pressure.  The  length  of  the  line  of  pipes 
and  the  sources  of  friction  and  retardation  are  here  the 
important  factors  in  the  calculation.  Table  IX.  is  given 
to  assist  in  obtaining  such  losses. 

Water-pipes  are  irregular  in  their  courses  and  in- 
clinations ;  they  are  usually  placed  two  or  three  feet 
below  ground,  sometimes  following  its  sinuosities,  to  pro- 
tect them  from  frost  and  damage,  and  are  rarely  allowed 
to  rise  above  their  mean  inclination  :  should  they  do  so, 
a  great  loss  of  head  results,  unless  air  vessels  are  applied 
at  those  points,  from  which  the  air  is  allowed  to  escape 
through  cocks  every  two  or  three  days.  Under  such 
irregular  conditions,  it  becomes  difficult  to  estimate  the 
loss  of  head  due  to  friction  with  much  accuracy. 

The  other  mode  of  calculating  velocities  and  dis- 
charges of  water  in  pipes  under  pressure  is  to  treat  them 
in  accordance  with  imaginary-  hydraulic  slopes  or  in- 
clinations from  the  highest  water  surface  to  the  point 
under  consideration  ;  and  to  apply  the  ordinary  formula 
for  flow  given  at  page  32.  This  method  presupposes 
that  the  pipes  have  a  single  inclination  throughout  from 
the  highest  point  of  supply,  and,  even  after  making 
allowance,  can  only  yield  an  approximate  value  of  the 
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discharge,  even  if  it  arrives  at  that.     It  is,  however,  very 
commonly  adopted. 

As  it  is  comparatively  rare  that  a  single  pipe  is  laid 
to  any  very  great  distance  with  a  uniform  fall,  being  more 
generally  cut  up  into  lengths  having  different  falls,  it  be- 
comes necessary  to  proportion  the  diameter  of  the  pipe  in 
these  different  lengths,  so  that  the  discharge  may  every- 
where be  that  due  to  the  smallest  diameter.  When  with 
such  a  seriesofpipesof  different  diameters  the  total  head 
is  given,  and  the  discharge  is  required,  the  case  does  not 
admit  of  direct  solution,  as  each  pipe  must  have  its  own 
proper  head  ;  in  this  case  it  is  best  to  assume  a  discharge, 
and  obtain  separate  heads  due  to  it  for  each  pipe  in  the 
series  ;  the  true  heads,  both  total  and  sejiarate,  may  be 
then  obtained  by  proportion,  and  the  inclinations  of  each 
pipe,  as  well  as  the  mean  inclination  for  the  whole  series 
(which  is  the  inclination  that  would  be  adopted  for  a 
single  uniform  pipe  throughout)  marked  on  the  section 
of  the  design.  The  final  discharge  can  then  be  calculated 
from  any  one  of  the  pipes.  An  example  of  this  is  at- 
tached to  Working  Table,  No.  VI 1 1. 


8.    The  Distribution  of  Velocity  in  Sections 

OF  Pipes  and  Channels. 

The  laws  of  distribution  of  velocity  in  the  section  of 
an  open  channel,  canal,  or  river,  are  still  incomplete. 
The  most  valuable  information  on  this  subject,  quoted  in 
the  remainder  of  this  section,  is  that  deduced  by  d'Arcy 
and  Bazin,  by  Captain  Allan  Cunningham  and  by  Hum- 
phreys and  Abbot,  from  the  results  of  their  extensive 
experiments  and  investigations. 
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A  certain  amount  of  knowledge  has  been  deduced 
from  observation  of  the  variation  of  velocity  in  open 
channels  in  the  vertical  planes,  but  as  regards  that  in 
the  horizontal  planes  at  a  section,  nothing  has  abso- 
lutely— and  very  little  relatively — yet  been  determined. 
In  full  cylindrical  pipes,  on  the  contrary,  the  conditions 
of  velocity  are  comparatively  simple. 

In  full  pipes. 

The  experiments  of  d'Arcy,  in  1851,  established  the 
law  of  velocity  in  full  pipes  expressed  in  the  following 
equation  suited  to  metric  measures — 


-Mi 


VRS  ^  RJ 

oriZ(r-v)=ll-3.r.^/7S, 

where  F=  central  velocity. 

t;  =  the  velocity  anywhere  at  a  distance  r  from  the 
centre. 

i^=the  radius  of  the  pipe. 

5= the  loss  of  head  per  linear  m^tre  or  hydraulic  slope. 

This  formula  was  deduced  by  d'Arcy  from  observa- 
tions taken  at  from  one-third  to  two-thirds  of  the  radii 
of  various  pipes  from  the  centre  ;  beyond  §  of  the  radius, 
it  is  probable  that  the  law  does  not  hold  good,  and  that 
the  decrement  of  velocity  should  be  more  rapid  than 
that  indicated  by  the  formula.  Under  any  circum- 
stances, however,  it  is  clearly  established  that  the  veloci- 
ties in  a  full  cylindrical  pipe  are  equal  at  all  points 
equidistant  from  the  centre,  and  that  the  above  law  of 
decrement  holds  good  for  the  central  §  of  the  diameter 
taken  in  any  direction.  In  a  pipe  of  rectangular  section, 
the  velocities  are  equal  at  any  four  points,  taken  sym- 
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metrically  with  reference  to  the  centre  of  figure  in  a 
corresponding  manner. 

In  small  artificial  channels. 

In  open  channels,  however,  this  almost  mathematical 
symmetry  is  entirely  absent,  and  the  perturbation  pro- 
duced near  the  surface  of  the  water  does  not  allow  any 
hope  that  a  formula  can  be  arrived  at,  which  would  give 
the  actual  velocity  at  any  point  in  terms  of  the  mean 
velocity  and  the  co-ordinates  determining  the  position  of 
that  point  These  perturbations  appear  to  be  more  con- 
siderable in  proportion  to  the  diminution  of  velocity 
and  the  increase  of  depth  of  channel,  and  are  coincident 
with  a  depression  of  the  locus  of  maximum  velocity  ;  in 
extreme  cases,  the  curves  of  equal  velocity  in  the  section 
cut  the  surface  of  the  water  very  obliquely. 

The  following  are  the  conclusions  drawn  by  Bazin  on 
this  subject : — 

1st  For  a  very  wide  rectangular  channel — 

where  F,= central  velocity  at  the  surface. 

t;= velocity  at  a  point  at  a  depth  h  below  it 

H=  total  depth  of  water. 

/S= hydraulic  slope  of  the  water  surface. 

This  law  of  velocity  is  proved  to  hold  good  for  very 
wide  channels  ;  the  cases  under  experiment  give  a  prac- 
tically constant  value  of  ^=20*0,  the  extremes  varying 
between  15*2  and  249  ; — it  would  also  appear  that  for  a 
rectangular  canal  of  infinite  width,  in  which  the  influence 
of  the  sides  is  made  to  disappear  entirely,  K  would 
=24*0  ; — the  units  are  metric  as  before. 


SECT.  8     DISTRIBUTION^  OF  VELOCITY  IN  SECTION      75 

When,  however,  the  depth  of  a  rectangular  channel 
is  g^reat  enough  in  proportion  to  the  breadth  to  make  the 
influence  of  the  lateral  walls  show  itself  in  the  middle  of 
the  current,  this  law  does  not  hold,  nor  does  any  law  of 
decrement  of  velocity  seem  possible,  and  incomplete 
generalisations,  in  terms  of  the  mean  velocity,  can 
alone  be  arrived  at. 

If,  then,  F,»=the  mean  velocity  in  a  canal,  the  section 
of  which  is  very  great  in  proportion  to  its  depth — and 
F,= central  velocity  at  the  surface,  the  other  symbols 
being  used  as  before. 


"-=5  :\[^--<b)' "^^ 


dh 


=  v-j^rS 


and  the  depth  h  below  the  surface  is  determined  by  the 
expression  (- J  =J;  whence  A=0-577  H,  which  is,  in 

fact,  saying  that  the  mean  velocity  is  found  at  about  f 
of  the  total  depth.  This,  however,  assumes  the  before- 
mentioned  parabolic  law  of  the  decrease  of  velocity  in 
each  vertical  plane,  an  hypothesis  only  admissible  in  a 
very  large  and  perfectly  regular  canal. 

In  fact,  however,  and  from  experiments  quoted,  it 
appears  that  the  locus  of  mean  velocity  is  often  below  f 
of  the  depth,  and  more  often  below  |  of  it ;  and  that 
when  the  depth  of  the  canal  is  great,  and  the  velocity 
feeble,  the  curve  of  mean  velocity  approaches  still  nearer 
the  bottom,  and  goes  as  low  as  ^  of  the  depth. 

Taking  the  above  relation  V^^V.  —  ^KVRS,  where 

VRS^V^^/A,  and  K=24'0,  for  a  channel  of  infinite 

width  ;  in  this  case  also  we  get  F,=  7^(1  +  8  y/A)  as  a 
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result  applicable  to  this  special  case,  which  supposes  the 
parabolic  law  applicable  throughout  the  whole  breadth  of 
the  channel ;  and  this  differs  greatly  from  the  results  of 
the  experiments  on  such  channels,  which  give  F,=  Vi» 
(l  +  14v/J). 

The  locus  of  maximum  velocity  is,  however,  not 
always  at  the  centre  of  the  surface,  but  is  at  a  greater  depth 
in  proportion  as  the  depth  of  the  canal  is  greater  and  the 
mean  velocity  is  less,  being  sometimes  as  low  as  f  the 
total  depth. 

The  determination  of  bottom  (F)  velocity  can,  in 
rectangular  canals,  be  alone  made  in  the  special  case  of 
one  supposed  to  be  of  infinite  breadth ;  for  this  case, 
putting  A=ir  in   the   original  formula,  we  obtain  the 

velocity  V^^  Vt—Ky/RlS  ;  but  in  all  other  cases  no  law 
can  be  given.  The  greatest  of  bottom  velocities  is  in 
the  middle  and  the  least  at  the  sides. 

The  velocity  along  the  vertical  sides  of  a  rectangular 
canal  is  generally  greater  in  the  middle  than  at  the  top 
or  at  the  bottom  ;  but  beyond  this  fact,  the  determina- 
tion of  the  exact  velocity  at  any  point  of  the  side  remains 
a  very  difficult  problem  yet  unsolved. 

The  laws  of  velocity  in  canals  of  semicircular  section 
are  far  less  complicated  than  those  of  rectangular  sec- 
tion : — the  law  of  decrement  of  velocity  is  expressed  in 
the  following  formula  : — 


F,-t;__ 


21 


©*• 


y/RS 

the  extreme  values  of  the  coefficient  deduced  from  ex- 
periment being  i8'2  and  23*2  ;  and  the  terms  of  the 
expression  being  similar  to  those  in  the  equation  for 
decrement  of  velocity  in  sections  of  pipes  before  men- 
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tioned: — If  in  this  we  make  r=i?,  we  obtain,  as  for 
rectangular  channels,  the  bottom  velocity. 


And  the  mean  velocity  will  be  deduced  thus: — 
=:V,''iKVRS\  where  v/i?5=  F«  v/2il ; 


hence  l;'=\'\-^Ky/2A  \  where  A'=21 


F.  _ 

=  1  +  11-9  v^il: 

an  equation  diflfering  but  little  from  that  deduced  from 
the  experiments  on  such  semicircular  canals. 

The  radius  r^,  of  the  circle  of  mean  velocity  of  the 
section  =iJ.v^f =0-737iJ ;— which  is  saying  that  this 
is  at  about  three-quarters  of  the  radius  from  the  centre, 
whereas  in  fact  it  is  farther.  ♦ 

Taking  finally  the  two  expressions  for  decrement  of 
velocity  in  canals  of  rectangular  and  semicircular  sec- 
tion, 

a  general  expression  may  be  deduced  from  them, 

and  as  under   these   circumstances   absolute   velocities 

cannot  be  dealt  with,  it  is  better  to  make  use  of  relative 

velocities,   and   by   dividing   each  side  of  the   general 

equation  by  V^  to  transform  it  into  the  form 

F  -V  ^ 

y     =^  K^A  ;  which  is  therefore  true  for  all  canals 

where  ^  is  a  function  of  the  relative  (not  of  the  abso- 
lute) co-ordinates  determining  the  position  of  the  point 


=sl  +  14^/il-;  and  since  il=:^j;  F.-F^rrUv'AS 
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whose  velocity  is  under  consideration,  their  values  being 
taken  in  proportion  to  the  dimensions  of  the  section. 

With  regard  to  velocities  in  artificial  channels  gene- 
rally, by  far  the  most  important  result  arrived  at  by 
D'Arcy  and  Bazin  is  the  relation  between  the  maximum 
velocity  and  the  mean  velocity  of  discharge,  represented 
by  this  equation,  suitable  to  metres : 

-^*  =  1  + 14 -v/Z";  and  since  A,-^ 
these  equations  reduced  to  English  measures  become 
^«  =  1  +  .?^^;  and  F.-F«=25-34^M 

Vm  CX  100 

The  advantage  in  gauging  derived  from  the  applica- 
tion of  this  principle  is  very  great ;  but  the  coefficients 
of  reduction  are  doubtful  in  exactitude,  as  shown  by 
Captain  Cunningham's  recent  experiments  on  a  large 
scale,  and  are  certainly  not  suited  to  general  application. 

In  large  natural  cfiannels. 

The  laws  of  variation  of  velocity  in  horizontal  planes 
with  reference  to  different  forms  of  section  have  not  yet 
been  satisfactorily  deduced,  such  velocities  have  there- 
fore to  be  determined  locally  when  required ;  the  hori- 
zontal curves  of  velocity  again  vary  much  in  different 
stages  of  the  river  or  stream  under  consideration  ;  the 
records  therefore  of  such  velocities  involve  much  labour, 
and  have  not  yet  shown  themselves  of  sufficient  prac- 
tical importance  to  repay  the  labour  and  trouble  of  their 
observation. 

As  to  the  variation  of  velocity  in  vertical  planes, 
the  following  is  the  deduction  of  Bazin  (*  Annales  des 
Fonts  et  Chauss^s,*  Sept  1875,  pages  309  to  351) :— 


SBCT.  8     DISTRIBUTION  OF  VELOCITY  IN  SECTION.      79 

The  velocities  of  a  current  at  different  points  on  the 
same  vertical  line  vary  as  the  ordinates  of  a  parabola  ; 
thus,  if  D  be  the  total  depth, 
u  the  velocity  at  any  depth  d  below  the  surface, 
TJ  the  maximum  velocity  at  any  depth  d\ 

where  M  is  a  quantity  dependent  on  d\ 

And  if  u^=the  mean  velocity  on  the  vertical  line 

^tr-Jfg-^  +  f^)']  ;  where  M^20jiri 

astr- 20^/17^1)';  when  d'=0,  or  the  maxi- 

mum  velocity  is  at  the  surface. 
Or  in  this  case,  the  parabola  has  the  equation  y=20a;^ 

where  y  the  ordinate     -^^^  and  x^y- 

^/  DI  £)• 

But  when  the  maximum  velocity  is  below  the  sur- 
face a  different  value  is  given  to  M,  and  the  equation 
then  becomes 

U2=zU'-20VDTf^^y 
where  05=7:,  and  a^jr 

and-  ^^  ^20^A(r-^) 

where  U  is  the  mean  velocity  ( V„)  of  the  whole  section. 
If  then  this  new  value  of  M  is  introduced  into  the 
general  equation  above  given, 
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It  becomes     -^=1  +  20>/4  f^  — a4-a'J 


In  experiments  on  regular  conduits  6*5  feet  wide  the 

y 
value  of  — "*  varied  between  1*09  and  1*19  ;  and  in  others 

on  the  Sa6ne,  Seine,  Garonne,  and  Rhine,  the  value 
varied  between  1*1  and  1*3  :  the  experiments  of  Hum- 
phreys and  Abbot  on  the  Mississippi  correspondingly 
give  a  value  of  1*02. 

These  results  are  hence  both  theoretically  and 
practically  correct  and  useful,  and  generally  applicable 
even  on  a  large  scale. 


In  very  large  natural  channels. 

The  laws  of  variation  of  velocity  in  vertical  planes 
of  very  large  natural  channels  have  been  also  fully 
investigated  by  Captains  Humphreys  and  Abbot  on  the 
great  Mississippi  Survey. 

From  their  experimental  data  it  has  been  deduced 
that  the  velocities  at  different  depths  below  the  surface 
in  a  vertical  plane,  vary  as  the  abscissae  of  a  parabola, 
whose  axis  is  parallel  to  the  water-surface,  and  may 
be  considerably  below  it,  thus  proving  the  maximum 
velocity  to  be  generally  below  the  surface  ;  the  equa- 
tion of  this  curve  with  reference  to  its  axis,  taking 
the  depths,  relatively  to  the  total  depth,  as  ordinates, 
was  obtained  in  the  form — 

y>=  1-2621  Z)«aj 

where  Z)=  total  depth  of  bed  below  the  surface,  and 
X  and  y  are  the  co-ordinates  to  the  axis. 
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They  also  deduced  that  if  dj  is  the  depth  of  the  axis 

of  the  parabola,  or  locus  of  maximum  velocity  from  the 

surface,  then 

d,  =  (0-3l7  +  006/)iJ 

wherQ  iJ= hydraulic  mean  radius,  and /«=  force  of  wind 
either  positive  or  negative,  and  taken  =1  when  the 
velocity  of  the  wind  and  current  are  equal,  and  :■  0  for 
a  cross  wind  or  calm. 

The  following  are  other  important  equations,  with 
regard  to  velocity  in  vertical  planes,  deduced  by 
Captains  Humphreys  and  Abbot. 

(For  symbols  refer  to  page  12,  Chapter  I.) 
Formulae  for  velocity  in  any  vertical  plane : 

1-69 
i)  h  =-r — — ^«0-1856;  only  when  D 7 30  feet, 

2)  dj  =(0-317x006/)Z);  very  nearly, 

4)  F.=Fd.-(6i;)*(§)'. 

5)  F,  =  Fd,-(6i;/(l-§), 

6)  F„  =  §Fd,  +  iF«  +  ^(ir.-iF^). 

7)  F,„  =  T'-  +  -j»j(6v)*. 
8)F«=F.KH*(i+^^%^> 

9)  V  -v.Hi^)  (M^^^^^KH:!^). 

in  which  equation  (9)  is  a  mere  combination  of  equa- 
tions (3)  and  (8). 
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For  velocity  in  the  mean  of  all  vertical  planes  the 
following  have  been  deduced  : 

(0  6    =_L»    . 

(2)  d,  =(0-317  + 0-06 /)r. 

(3)  C^«-=0-93u 

(5)  IT,  =0-93v  +  (0-016-006/)(fet;)* 

(6)  IT,  =  0-93V  (0-06/- 0-35)  (6t;)* 

(7)  U^  =0-93v+{[0-317  +  006/P-0-06/+0|-016}(6v)*. 

(8)  t;     =([1-08  ir.,-f  0-0026]* -0-0456* )^ 

The  most  important  result  of  all  these  data  and  de- 
ductions is  the  following,  a  fact  of  great  practical  use  in 
gauging  rivers,  that  the  ratio  of  the  mid-depth  to  the 
mean  velocity  in  any  vertical  plane  is  independent  of 
the  width  and  depth  of  the  stream  (except  for  an  almost 
inappreciably  small  effect)  absolutely  independent  of  the 
depth  of  the  axis  of  the  curve  before  referred  to,  and 
nearly  independent  of  the  mean  velocity.  The  formula 
expressing  this  is 

(6t;)i. 


(7)  Fi„=F«  + 


12 


where  F^  is  the  mean  velocity  on  any  curve  in  the  vertical 
plane. 

FiD  is  the  mid-depth  velocity. 

V  is  the  mean  velocity  of  the  river. 

D  is  the  depth  of  the  river  at  the  spot 
1-69 


6= 


,  generally  ;  and =0-1866,  when  2)730  feet 

(Z)  +  l-5)* 
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The  application  of  this  result  to  gauging  is  shown  in 
Chapter  II.  on  Field  Operations. 

Verticalic  Velocity  generally. 

The  following  are  Captain  Cunningham's  deductions 
resulting  from  a  thorough  investigation  of  the  subject  in 
connection  with  his  observations  on  large  canals. 

Parabolic  Formula, — It  seems  natural  to  inquire, 
first  whether  the  mean  velocity  past  a  vertical  cannot  be 
found  from  velocity-measurements  at  only  two  or  three 
points  on  that  vertical.  And  here  considerable  aid  may 
be  derived  from  study  of  the  velocity-parabola.  Whether 
the  vertical  velocity-curve  be  really  a  common  parabola 
or  not  matters  little :  it  must  be  admitted  that  it  does 
certainly  approximate  to  a  parabola.  This  approxima- 
tion is  quite  sufficient  to  admit  of  its  use  in  determin- 
ing an  approximate  value  of  mean  velocity. 

And  first,  it  is  clear  that,  as  three  data  suffice  to 
determine  the  velocity-parabola  completely,  velocity- 
measurements  at  three  distinct  points  on  the  same 
vertical  will  of  course  suffice  to  determine  the  mean 
velocity. 

[The  three  points  must  of  course  be  suitably  situate 
to  give  a  tolerably  accurate  determination.] 

The  first  step  is  to  find  an  expression  for  the  mean 
velocity.     Adopting  the  well-known  property — 

Area  of  parabola  between  tangent  and  diameter = 
J  X  circumscribing  rectangle,  (i),  it  follows  that,  the 
lamina  of  discharge  D,  passing  by  a  vertical  axis  or  depth 
IT,  is  equal  to  the  inclusive  rectangle  less  the  sum  of 
the  parabolic  areas  above  and  below  the  axis, 

orZ)=7J?-K^-0-^-*(^-v^)-f-ff-'^)-.        .  (2) 

G  2 
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where  Y  is  the  maximum  verticalic  velocity,  v^  is  the 
surface  velocity,  Vh  the  bed-velocity,  Z  is  the  depth  at 
which  V  exists,  z  that  of  v. 

Writing  the  equation  of  the  curve  in  the  form 

F—  V  :k:  m  (« — Zf^  where  m  a=  - ,  and  'p  »  parameter .    (3) 

V 

and  writing  «=0,  z^Hin  succession  therein  (so  that  v 
becomes  v^  and  v^) 

F-  v^ = mZ\  and  F-  v^  «  m  (F-  ^^       .    (4). 

Substituting  these  into  the  expression  (2) 

=  F£r-i7/ii?»  +  miPZ-mfrZ»,       .    (5). 
.-.mean  velocity  C7'=^=(F— 7nZ')+m£rZ— Jmfl^, 

XX 

=v^+m£rZ-imJ5P,      .        .    (6), 

by  substituting  from  (4).  This  is  the  working  expres- 
sion for  Uf  with  which  other  values  obtained  in  terms  of 
observed  velocities  are  to  be  compared. 

Three-velocity  Formula, — Now  let  three  velocity- 
measurements  VxHi  '^iLHf  v^B  be  taken  at  any  depths  XJT, 
/x-fl,  vHf  (where  X,  /a,  i'  are  proper  fractions,)  and  let  it  be 
proposed  to  find  an  expression  for  the  mean  velocity  in 
terms  of  these ;  let  this  be — 

U^a.Vi^-\-fi.v^+y.v^ff,  (7), 

where  a,  /8,  7  are  numerical  coefficients  to  be  deter- 
itiined. 
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Subtracting  (3)  from  (4),  there  results  the  following 
general  expression  for  v : — 

v=v^  +  2mZz-'7nz\      .         .        .     (8) 

Writing  z=^XH,fiff^vH in  succession,  this  gives — 

and  v,s=:v^^2mZ.pH''mp^H\        .         .     (9). 

Multiplying  by  a,  /8,  7  in  succession,  and  adding  it 
follows  from  (7)  that — 

U=(a  +  /3-i-y).v^  +  2mHZ  (aX  +  /S/i  +  7i;)-mfi^  {a\^-^ 
)8/iH70 (10). 

This  expression  becomes  identical  with  (6)  by 
making — 

a-f-/S+7=l  ;  aX-f  y8/A  +  7v«=i  ;  aX^-k-^fi^  +  yv^^i  ;  (11). 

These  being  simple  equations  in  a,  /8,  7  suffice  to 
determine  a,  /8,  7  in  terms  of  X,  //,,  1/  whatever  values 
these  may  have.  The  general  solution  is  not  of  much 
practical  use :  the  most  useful  particular  solutions  appear 
to  be  when  the  three  velocity-measurements  are  made 
at  mid-depth  (jjlH=^\H)  and  at  two  points  equidistant 
from  mid-depth  (in  which  case  XH+vH^H),  so  that — 

/x,=i ;  X  +  i'^l,       .         .         .     (12). 

which  reduce  (i  i)  to — 

a-f)8  +  7=l;  aX  +  i)8  +  7i;=i  ;  a\^  +  i^  +  yv^=i  ;  {13). 

Multiplying  the  last  two  by  2  and  by  4  respectively, 
and  subtracting  in  turn  from  the  first, — 
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flri-2X)  +  7(l-2y)=0;  a(l-4\»)+7(l-4i/»)=-i; 

Substituting  X+i/  for  i  into  the  former, — 

(a— 7)  (j/  — X)  =  0  ;  whence  a=7(as  v^\  are  supposed 
unequal), (15). 

And  from  the  latter,  2a.  {1-2  (X.« +  !/*)},  or  2a  {(X+y)* 
-2(X«  +  ,;«)}  =  -i 

whence,   a=7=g^J-^,        or=^^-l-^.  (16a). 

^  3(X-„)»'"'^  3(2X-1)«'  ^      ^ 

Hence  by  assigning  simple  values  0,  ^,  i,  ^  to  X,  the 
following  simple  cases  result, 

I?'=i(Vo+4vjff+Vx,),    or=|(3t;^^+2vj^+3v|^),(i7a). 
=  *(2vj5-vj^+2i;|^),  or=i(3i;i^-4vj^+3t;jJ,(i76). 

The  first  will  be  recognised  as  Simson's  well-known 
formula,  that  is  of  no  use  for  practical  determination  of 
J7,  as  it  involves  the  bed-velocity  which  does  not  admit 
of  direct  measurement.  The  other  three  give  simple 
values,  easily  applicable  to  practical  velocity- measure- 
ment 

Two-velocity  FonnulcB, — There  being  only  three  equa- 
tions (11)  connecting  the  six  quantities  a,  y8, 7,  X,  /i,  v^  it 
seems  worth  while  to  inquire  whether  an  expression 
could  be  found  for  the  mean  velocity  involving  velo- 
city-measurements at  only  two  (instead  of  three)  dis- 
tinct points,  as  this  would  materially  reduce  the  field- 
work  necessary  to  find  the  mean  velocity. 

It  is  sought  then  to  determine  a,  )8,  X,  /i,  so  as  to 
determine  V  by  the  simpler  formula — 
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U=:aVKH+l3v^^,       .  .     (18). 

Either  by  a  similar  investigation  to  the  preceding,  or 
by  simply  writing  7=0  in  the  previous  Result  (11),  the 
equations  connecting  a,  15, 7  are  seen  to  be 

aH-y8«=l,  oX  +  )8/i=J,  a\2-h/S/i*=i,       .     (19). 

from  which  it  is  clear  that  X,  fi  are  no  longer  independent ; 
for,  solving  for  o,  13  in  the  two  first, 

a=^,     fi^t:^,  .        .     (20), 

And  from  the  third,  ^X*— /aX*+m*X— i/A^=i  (^--/a), 
the  following  equation  is  obtained  by  substitution,  and 
dividing  by  (X— //.),  (which  is  always  possible,  since  X,  ja 
must  be  unequal) — 

V-H>'  +  /^)  +  *  =  0,.        .         .     (21), 
which  is  the  equation  connecting  X,  fi,  from  which  in  fact 

so  that  either  is  determined  in  terms  of  the  other. 

Thus  the  mean  velocity  (U)  may  be  found  from 
velocity-measurements  at  anfy  two  distinct  depths  Xif, 
IkH — whereof  one  is  arbitrary,  and  the  other  is  deter- 
mined by  (22) — by  the  simple  formula  (18),  wherein  a, 
fi  are  given  by  (20). 

Hence  by  making  XacO,  J,  i,  J,  the  following  simple 
cases  result, 

I^=i(Vo  +  3vj^),    or.=  |(3t;j^-h4t;,^),.     (23^). 
These  are  the  simplest  formulae  by  which  the  mean 


£8  PRINCIPLES  AND  FORMULjE.  chap.  i. 

velocity  past  a  vertical  can  be  determined  from  velocity- 
measurements  at  only  two  distinct  points. 

The  first  of  the  formulae  (23^1),  above  *  is  by  far  the 
best  for  general  purposes,  because  it  involves  only  one 
sub-surface  velocity  (va^y),  and  that  at  the  highest  possible 
level  (§i?),  and  therefore  admitting  of  more  accuracy  in 
its  determination  than  those  at  lower  levels  involved  in 
the  other  formulae.  The  last  is  of  no  practical  use,  as 
it  involves  v^^  a  quantity  which  cannot  be  practically 
measured. 

[It  is  not  difficult  to  show  that  the  two  velocity- 
measurements  must  always  lie  one  in  the  upper  third, 
and  one  in  the  lower  third  of  the  depth,  i,e,y  X  lies  between 
0,  ^,  and  /A  between  §  and  1.] 

Test  of  Formula. — Denoting  for  distinctness*  sake 
the  value  of  mean  velocity  derived  from  the  above 
simple  formula  (first  of  23^1),  by  u^  it  is  written 
thus, 

^m«i(Vo  +  3t;|^)»    •         •     {21a,  bis). 

The  value  of  this  quantity  has  been  calculated  for  all 
the  46  average  vertical  curves  of  the  Roorkee  Experi- 
ments, and  is  shown  there  in  the  sub-column  headed  u^ 
in  Abstr.  Tab.  3,  4  for  comparison  with  the  fundamental 
value  J7=D-5-tf.  To  facilitate  this,  the  discrepancy 
('"'m— ^  IS  also  shown.  These  discrepancies  will  be 
seen  to  be  always  small  (nowhere  exceeding  0*07)  as 
might  be  expected,  and  usually  negative,  showing  that 
u^<  f7  usually. 

The  closeness  of  the  values  of  v^,  U  is  involved,  of 
course,  in  the  general  approximation  of  the  observation- 
curves  to  parabolae. 

'  Published  for  the  first  time^  it  is  believed,  by  Capt.  Cunningham. 
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Depth  of  Mean  Velocity-Line, — By  the  term  *  Line  of 
mean  velocity  *  is  here  meant  the  stream-line  in  which 
the  average  forward  velocity  is  equal  to  the  average 
mean  velocity  past  the  vertical.  To  find  the  depth  (AJ 
of  that  line,  the  equation  of  the  curve  (i8)  gives  (writ- 
ing z^h^  and  t;=  IT) — 

U=v^+2mZh^^mh^\      .        .        .     {24a). 
= v^ + mZH-  ^mlP,  by  Result  (16),  (24^^). 
Hence  \^^2Zh^^^m-'ZH, 

whence  K^Z±  ^iH^-ZH+Z^.        .        .    (25), 

The  quadratic  in  h^  has  of  course  two  roots :  but  it  is 
easily  seen  by  writing  (25)  in  form — 


h^^Z±^H{^H^Z)-^Z\         .        .  (25*), 

that  one  root  is  always  negative  when  Z  <  ^H,  and  is 
therefore  of  no  '  interest ;  when  Z  >  ^H,  both  roots  are  + , 
which  shows  that  there  are  in  this  case  two  lines  of 
mean  velocity  equidistant  from  the  axis  (as  is  evident 
from  the  symmetry  of  the  parabola).  It  may  be  shown 
also  that  the  larger  root  is  always  greater  than  ^H,  for 
writing  the  larger  root  of  (25)  in  form — 


K^Z+^{\H^Zf+^IP,         .    (250, 
so  that 

A^=^  +  a  quantity  >  ^  (JE-^-Z),  whence  A^  >  \H,  (25^?), 
which  shows  that — 

^  As  this  would  correspond  to  a  line  above  the  surface. 
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'The  mean  velocity  Line  is  always  below  the  mid- 
depth/  ...  ....     (26). 

In  the  illustration  of  this  by  diagrams  of  observed 
velocities,  it  is  seen  that  the  vertical  line  drawn  through 
the  tip  of  the  mean  velocity  ordinate  (JJ)  cuts  the  ob- 
servation-curves below  the  mid-depth  in  almost  all  cases. 

It  is  evident  that  the  depth  of  the  mean  velocity- 
line  (defined  by  AJ  depends  on  the  position  of  the 
maximum  velocity  line  (defined  by  Z),  and  varies  there- 
fore with  the  variation  of  the  latter ;  also  from  (25^1)  it 
follows  that  : — 

*The  relative  depth  of  the  mean  velocity  line 
(Aq-4-J?)  depends  solely  on  the  relative  depth  of  the 
maximum  velocity  line  {Z-^Hy        .        .         ,    (27^). 

The  range  of  the  maximum  velocity  line  appears  in 
the  same  diagrams  to  be  from  a  little  above  the  surface 
down  to  about  mid-depth.  The  values  of  h^  corre- 
sponding to  various  values  of  Z  within  this  range  are 
shown  below. 

Value0fZ4.fi;   -i,    -J,     o,      J.     J,     J,       i,  J, 

Value  ofh^-i-ff,  '554,  -560,  -577,  •598,  •607,  '632,  o  &  -667,  'an  &  789. 

whence  it  follows  that — 

•  The  mean  velocity  past  a  vertical  cannot  be  directly 
measured  in  practice  by  any  single  velocity-measure- 
ment/             (27*X 

as  the  single  measurement  would   be  required  in  the 
mean  velocity  line,  a  line  whose  position  is  not  known 
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Again,  taking  the  larger  root  of  (25)  (which  is  the 
one  of  most  interest),  viz., 


A^=Z+  V  {^H^Z)H-^Z\  .        .    (25  bis). 
it  is  clear  that  the  surd  is  >  «  < Z  when ^H>  =  <Z, 
.'\>  =  <2ZvrhenZ  <  =  >^H,        .    (28> 

Now  from  the  symmetry  of  the  curve  it  is  clear  that 
the  velocity  (v^)  at  depth  z=^2Z  is  the  same  as  the 
surface  velocity,  i,e,,  v^  =1;^. 

Hence — 

The  mean  velocity  (J7)>"c<the  surface  velocity 
(v J  when  2  >  =  <  i Jf , (29). 

Single'Velocity  Approximations, — Writing  down  the 
general  values  of  £7,  v  from  Eq.  (6),  (8), 

t;=v^  +  2m2^0— m^^  U=v^'{-mZH—^mH\  .     (30), 

it  is  manifest  that  there  is  no  value  of  z  (taken  as  a 
function  of  the  depth  H  only)  which  will  make  the 
general  value  of  v  either  equal  to  U,  or  even  proportional 
to  U,  in  consequence  of  the  presence  of  the  variable  and 
unknown  Z.  The  flatness  of  the  velocity-parabolse  is, 
however,  in  all  cases  so  great  that  an  approximation  is 
possible.  The  closeness  of  this  approximation  depends 
on  a  prior  rough  knowledge  of  the  range  of  Z-i-H. 
Now  a  glance  down  the  column  (Tab.  3,  4)  showing 
the  values  of  Z-i-H  in  the  45  curves  of  the  Roorkee 
Experiments  will  show  that  the  range  of  this  quantity 
is — except  for  verticals  quite  close  to  the  vertical  walls 
of  the  rectangular  channel  (i,e.  for  all  verticals  more 
than  s'  off"  the  walls) — only  from  about  o  to  J,  and 
for  this  range  of  Z-t-H,  the  value  of  h^-^-H  has  been 
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already  shown  to  range  from  '577  to  '667 ;  with  a  mean 
value  of  about  0625  =  f . 

Now  the  velocity  corresponding  to  the  value  0=|J? 
is  from  (30), — 

t;,ff=f„+m(|z^-||^«).     .        .    (31) 
and  the  difference  between  this  and  the  mean  velocity 

which  ranges  from  ""iq^''''^**  when  ^=0, 

to  +  ■:^jmJI\  when  Z=^H..        .      (31^). 

In  the  other  case.  Near  the  margin  of  the  rectangular 
channel  the  limiting  values  of  the  quantity  Z-^H  are  ^ 
and  i,  and  the  table  of  values  of  h^-^H  already  given 
shows  that  there  are  two  sets  of  values  of  h^-^-H  cor- 
responding, viz.,  one  between  o  and  '211,  and  one  be- 
tween '667  and  789,  with  mean  values  of  about  '105 
and  728.  The  former  is  the  better  for  practical  velo- 
city-measurements on  account  of  the  greater  accuracy 
of  work  near  the  surface. 

Now  the  velocity  corresponding  to  the  value  zs=-^H 

"~  v,,^=^v^+m(lzH-^m)   .        .    (32). 

and  the  difference  between  this  and  the  mean  velocity 

■ 


17 


which  ranges  from  +  ^^^''^H^,  when  Z=^H, 

to  ---^mH\  when  Z  =  iH,  . 
300  * 


(32^). 
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Now,  in  consequence  of  the  flatness  of  all  the  curves 
the  quantity  m  (  =  reciprocal  of  parameter)  is  always  a 
very  small  quantity  ;  so  that  *  the  several  discrepancies 

192         '192         '300         '     300         ' 

just  shown  are  always  very  small  quantities,*         .     (33), 

and  : 

'The  two  velocities  v^h  {ix.^  at  f  depth)  in  general, 
and  v^H  (J'^'i  at  -^  depth)  near  margin  of  a  rectangular 
channel  are  probably  the  best  approximations  obtainable 
from  velocity-measurement  at  a  single  point,'       .    (34). 

Mid'depth'Velocity^  (vh). — Writing  z=^H  in  the 
general  expression  (8)  for  v,  the  mid-depth-velocity  is 
seen  to  be, — 

v^n-v^-^mZH-\mH\ (35), 

■  whilst  tr=v^-hmZF-Jmff«,  (by  (6)), 

so  that  the  difference  v^H—U^-^mH^   is   always    a 
positive  quantity (36). 

Thus  in  the  velocity-parabola — 

'The  mid-depth-velocity  is  always  >  the  mean 
velocity  by  a  small  quantity,  viz.,  -^raH^,  not  depend- 
ing on  the  position  of  the  axis,'  ....     (36a) 

It  will  be  seen  also  that  the  discrepancy  ^mif*  is 
always  >  the  greatest  possible  discrepancies  with  the 
two  approximations  last  proposed. 

[The  property  just  proved,  viz.,  that  the'  mid-depth 
ordinate  exceeds  the  mean  ordinate  by  a  small  quan- 
tity '  is  a  property  in  no  way  peculiar  to  the  parabola. 
All  experiment  agrees  in  showing  that  as  a  rule — 

'The   average   vertical    velocity-curves    are    every- 
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where  convex  down-stream;  and  are  always  very  flat 
curves.* 

These  two  properties  involve  the  property  in  ques- 
tion ;  for  in  any  convex  curve  whatever  the  tangent  at 
the  point  M  where  the  middle  ordinate  tuM  meets  the 
curve  lies  wholly  without  the  curve,  so  that  the  curve 
falls  wholly  within  the  circumscribing  trapezoid  ;  also 
the  middle  ordinate = area  of  circumscribed  trapezoid 
-i-depth  ;  and  the  mean  ordinate  =  area  of  curve-s-depth 
(by  definition)  ;  so  that  the  middle  ordinate  always  >  the 
mean  ordinate  ;  also,  when  the  curve  is  very  flat,  it  is 
clear  that  the  excess  of  the  former  over  the  latter  must 
be  a  small  quantity.] 

This  is  fully  borne  out  by  the  Roorkee  Experiments  : 
the  value  of  the  quantity  (t^^/y—  U)  is  given  for  every 
series  in  Abstr.  Tab.  3,  4,  Col.  9,  and  it  will  be  seen 
from  them  that  its  value  is  positive  in  40  out  of  the  46 
Series,  and  zero  in  2  more.  The  only  cases  ip  which 
V\H<  U  are  shown  in  following  table : — 


Serial 
Number 

Number 
of  Sets 

Value  of 

Remarks 

9 
21 

44 
45 

14 
16 

5 
6 

-•07 
-•01 

-•II 
-•06 

f  Several  very  low  velocities  aboat  the  midHiepth 
\     {i.e.t  at  4'  and  5'  depth). 

An  unimportant  difference. 

These  two  curves  on  the  exceptional  vertical. 

close    to   the  4'   drop-wall    are  of  excep- 

^      tional  shape   (not  wholly  convex),  so  that 

the  property  (47)  of  a  convex  curve  could 

not  be  expected. 

It  may  hence  be  concluded  that  *the  difference 
(y^B-^U)  is  always  a  small  quantity,  and  usually  +,  so 
that  v^H  usually  exceeds  I/,' .        .        .        .        .    (37). 
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Ratio  U-i-v^ff. — This  ratio  has  acquired  quite  excep- 
tional importance  of  late  years  from  the  assertion,  at  p. 
294  of  the  Mississippi  Report,  of  its  approximate  con- 
stancy under  all  circumstances  at  the  same  site,  and 
the  proposal  therein  to  utilise  this  supposed  property 
in  discharge-measurement. 

From  the  result  v^H^U-^-^TnU^^  Eq.  (36), it  is  clear 
that  the  ratio  U-^v^b  is — in  the  velocity-parabola  at 
any  rate — not  a  constant  quantity  (unless  mfl"'  be  pro- 
portional to  17),  nor  a  function  of  U  only  (unless  indeed 
vhH^  be  a  function  of  U).  The  value  of  the  ratio  is  in 
fact— 

ir_       D^       _        1 

ViH    U-^ifmH^     i^ju^^'-        •     (38). 

Now  from  the  admitted  smallness  of  the  quantity 
r^fmM^  (the  same  as  v^/y— 17)  it  is  clear  that  this  ratio 
will  be  tolerably  constant  (  <  1,  of  course)  at  any  rate  as 
a  rough  approximation. 

The  conclusion  advanced  by  the  Mississippi  Report 
is  that  this  ratio  depends  chiefly  on  the  mean  velocity 
(^  )  of  the  whole  channel,  at  any  rate  in  a  deep  channel. 

But  the  argument  is  based  (see  Mississippi  Report) 

upon    the    assumed   value    for    the    parameter  —   or 

j!)=:fr'-4-  v//8  ^,  and  upon  a  further  assumed  relation  that 
£7'= -93^  approximately  {i,e,,  with  sufficient  approxima- 
tion for  the  purpose  of  proving  the  dependence  of  the 
ratio  U-t-Vjfron  ]/)-  Applying  these  two  Results,  the 
ratio  v^H  "^  ^  indeed  becomes — 

1  /^  1  "69 

v^„^U=  1  +  i23r93  V  7'  ^^^■•'^  ^=  ^H^  1-5'   (39^' 
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which  depends  in  deep  channels  at  any  rate  (in  which  fi 
varies  very  little)  chiefly  on  y  \  and  this  result  is  pro- 
posed, at  p.  293  of  the  Mississippi  Report,  as  *  the  abso- 
lute numerical  value  of  the  ratio  for  any  curve  of 
actual  observations.* 

But  the  argument  is  inconclusive  on  account  of  the 
uncertainty  (and  probable  incorrectness  as  general  trutlis) 
of  the  two  assumptions  p=J3'*-f- Vy8  ^  and  £7"= '93^ 
approximately.  The  assumption  £7"=  "93^  approxi- 
mately is  obviously  not  true  at  all  parts  of  a  channel, 
for  it  is  equivalent  to  assuming  that — 

*  The  mean  velocity  past  a  vertical  ( JT)  is  approxi- 
mately the  same  right  across  a  channel,* 
which  is  true  enough  throughout  great  part  of  the 
width,  but  very  far  from  true  regarding  velocities  near 
the  banks.  Thus  result  (39)  is  not  a  general  truth,  but 
is  at  the  utmost  limited  in  application  to  those  parts  of  a 
cross-section,  the  mean  velocity  past  the  verticals  of 
which  is  nearly  the  same. 

In  fact  the  real  evidence  of  the  proposed  law  for 
this  ratio  must  be  held  to  depend,  not  on  the  argument 
which  led  to  it,  but,  on  the  numerical  comparisons  ex- 
hibited (Mississippi  Report,  p.  294)  showing — 

1st,  the  values  of  the  ratio  TJ-^v^^  (computed  direct 
from  the  velocity-data). 

2nd,  the  values  of  its  proposed  equivalent,  viz.,  of 


-('-IFHV/D- 


3rd,  the  discrepancies  between  the  above  values. 

These  are  shown  in  the  Mississippi  Report  for  1 5  cases, 
viz.,  8  Mississippi  curves,  2  of  Capt.  Boileau's  curves 
from  small  canals,  and  S  curves  on  the  Rhine.     The 
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discrepancies  shown  are  certainly  surprisingly  small 
in  the  8  Mississippi  curves,  in  which  they  do  not 
exceed  -j%  per  cent  ;  whilst  in  4  of  the  European  curves 
they  rise  to  2  to  3  per  cent. 

Upon  this  evidence  the  important  conclusion  is 
drawn  {ib^  that — 

*  The  ratio  of  the  mid-depth  velocity  to  the  mean 
velocity  in  any  vertical  plane  is  practically  independent 
of  the  depth  and  the  width  of  the  stream,  of  the  mean 
velocity  of  the  river,  of  the  mean  velocity  of  the  vertical 
curve,  and  of  the  locus  of  its  maximum  velocity.  In 
other  words,  it  is  a  sensibly  constant  quantity  for  prac- 
tical purposes.* 

And  upon  this  conclusion  it  is  proposed  that  the 
field-work  for  computing  the  total  discharge  of  a  large 
channel  should  in  future  be  limited  to  mid-depth  velocity- 
measurements. 

The  practical  value  of  this  conclusion  depends 
chiefly  on  the  amount  of  error  likely  to  be  made  in  its 
application.  Now  the  value  of  the  ratio  (39)  proposed 
involves  unfortunately  the  unknown  quantity  ^(  =  mean 
velocity  of  the  whole  channel).  If  an  approximate  value 
of  this  were  known  a  priori^  it  would  give  the  value  of 
the  ratio  in  question  with  sufficient  approximation. 

It  was  apparently  supposed  (Mississippi  Report) 
that  the  ratio  in  question  varied  within  such  small  limits 
under  all  circumstances  whatever  (even  in  different 
channels)  that  it  might  be  assumed  sensibly  constant 
for  all  practical  purposes  of  discharge-measurement  of 
large  channels.  The  additional  evidence  now  avail- 
able by  no  means  confirms  this  hypothesis  :  the  ranges 
of  average  values  of  the  ratio  in  question— />.    of  the 
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average    experimental    values    of    TJ-^v^a — are    given 
below  from  all  the  known  published  cases. 


Rai^eof 

Experiments 

Reference  to  Original 

Number 
of  Corves 

Average  Values 
of  tlie  ratio 

Mississippi 

Miss.  Report,  p.  294     . 

8 

'9868  to  -9624 

Rhine    . 

ff              »»          • 

5 

•9569  to  •9322» 

Small  Canals;  Capt. 

Boileau 

f»              »»         • 

2 

'964010*9417 

Bazin     . 

Bazin  Experiments 

? 

not  given 

Lake  Survey  . 

Reports  of  1868-70 

? 

not  given 

Irrawaddi 

Report  of  1875,  Appx.  C. 
Report  of  1878,  p.  350 
Roorkee  Expts.,  Tab.  3,  4 

14? 

I  '092   to  '976 

Connecticut    . 

27? 

•961   to '918 

Roorkee 

16 

1*045   to '961 

Thus  it  appears  that — 

*  The  ratio  U-i^ViH  is  liable  to  range  from  about 
1082  to  918,  i,e.f  about  16  per  cent*    .        .        .     (40), 

an  amount  not  fairly  negligible  even  in  the  rough  pro- 
cess of  discharge-measureme  nt  of  large  channels. 


9.    Discharges  of  Rivers. 

To  determine  with  accuracy  the  discharge  of  any 
ordinary  or  large  river,  independently  of  velocity-obser- 
vation, is  at  present  impossible.  To  this  general  truth 
there  is  only  one  exception,  the  case  of  a  long  straight 
and  uniform  reach  of  river,  whether  canalised  artificially 
or  naturally ;  then  it  may  be  treated  nearly  as  a  canal. 

If  it  be  required  to  determine  approximately  the 
discharge  of  a  river  from  its  section,  slope,  and  condition 
as  regards  roughness  of  bed  surface  and  irregularity ;  the 
section  may  be  sounded,  and  the  hydraulic  slope  ascer- 
tained by  levelling,  but  the  required  coefficient  (n)  of 

'  Printed  '0322  in  Mississippi  Report 
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roughness  and  irregularity  must  be  guessed  by  an  ex- 
perienced hydraulician  from  comparison  with  other  rivers 
and  their  coefficients.  (See  Kutter's  local  values  of  n  for 
natural  channels  in  Table  XII.)  This  being  done,  the 
value  of  c  may  be  calculated  by  the  formula  or  obtained 
from  Table  XII.,  and  the  calculation  of  discharge  can 
be  effected  through  the  general  formula 


Q  =  il.F=il.c.lOOv/ie^. 

It  is  obvious  that  it  is  preferable  to  take  at  least  a 
few  velocity-observations.     (See  Gauging,  Chapter  II.) 

There  are  also  two  other  theories  of  flow,  or  modes 
of  approximating  to  river-discharges  without  velocity- 
observation,  that  are  of  some  practical  value  under 
certain  conditions ;  besides  a  large  number  of  formulae 
whose  merits  are  demonstrated  by  comparison  (in 
Chapter  III.,  Hydrodynamic  Formulae)  to  be  very 
inferior. 

Of  the  two  former  the  first  is  that  of  Dupuit ;  it 
neglects  friction  on  the  sides  of  the  section  of  flow,  thus 
considering  motion  in  all  vertical  planes  to  be  the  same, 
and  dealing  with  horizontal  laminae  only ;  the  surface 
lamina  is  considered  to  be  in  the  condition  of  a  solid 
gliding- over  an  inclined  plane,  and  each  lamina  below, 
except  the  bottom  one,  is  urged  on  by  its  own  weight 
and  its  cohesion  to  the  upper  lamina ;  the  bottom  fillet 
is  retarded  by  its  adhesion  to  the  bed.  Putting  this  in 
the  form  of  an  equation,  summing,  rejecting  certain 
terms,  integrating  and  applying  three  numerical  coeffi- 
cients, Dupuit  obtains  a  result,  which  for  English  feet 
is — 

t;=^;^^-0'082  -f  (00067  +  0-91 14  RSy . 

H  2 
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It  is  this  formula  that  has  produced  more  correct 
practical  results  generally  than  any  one  of  the  formulae 
having  fixed  coefficients ;  next  to  it,  in  order  of  correct- 
ness, coming  the  Chezy  formula,  with  a  fixed  coefficient 
c=l.  This  theory  assumes  that  the  uppermost  lamina 
moves  invariably  with  the  maximum  velocity,  which  is 
not  the  case  ;  the  neglect  of  the  friction  of  the  banks 
might  not  vitiate  results  if  applied  to  large  rivers  or 
shallow  channels  ;  it  is  probable,  therefore,  that  a  modi-, 
fication  of  this  formula  in  accordance  with  correct  data 
of  the  relations  between  maximum  and  mean  velocity, 
might  render  it  very  useful  and  practical.  Hitherto  the 
formula  has  been  generally  treated  as  a  pipe-discharge 
formula,  and  as  a  modification  of  the  Chezy  type  ;  the 
theory,  however,  is  one  pre-eminently  adapted  to  wide 
rivers,  and  the  results  (see  Article  in  Chapter  III., 
Hydrodynamic  Formulae)  are  undeniably  correct  as  good 
approximations.  For  more  information,  refer  to  Dupuit's 
*  Etude  Th^rique  et  Pratique  sur  le  Mouvement  des 
Eaux  courantes'  (Paris,  1848),  and  Claudel's  Tables, 
which  contain  extracts  therefrom. 

The  second  theory  is  that  of  the  Mississippi  Survey, 
mentioned  in  the  Mississippi  Report,  Philadelphia,  1861, 
which  deduces  the  new  formula,  mentioned  as  giving  the 
most  correct  results  of  all  yet  known  ;  it  is,  however, 
unfortunate  in  its  formulae  being  rather  inconvenient  in 
some  respects.  While,  therefore,  the  investigation  and 
deduction  of  the  formula  is  valuable  on  account  of  the 
experimental  data  applied  to  it,  the  result  is  not  prac- 
tically useful  ;  as  the  formula  was  virtually  set  aside  by 
the  Mississippi  Survey,  whenever  careful  river-gauging 
was  carried  out,  in  favour  of  other  equations  deduced 
from  velocity-observation. 
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In  a  work  of  this  scope,  it  is  impossible  to  go  beyond 
the  mere  outlines  of  the  demonstration  adopted.  Adopt- 
ing the  notation  of  the  Mississippi  Survey  given  at  pages 
II  and  12,  it  may  be  stated  as  follows. 

The  theory  accepts  uniform  motion  and  the  usually 
accepted  application  of  the  laws  of  uniform  motion,  but, 
in  retarding  force,  denies  the  stability  of  position  of  maxi- 
mum velocity,  and  makes  allowance  for  the  resistance 
of  the  air  on  the  water  surface,  as  well  as  for  the  effect  of 
wind. 

The  process  of  reasoning  pursues  the  following 
equations  obtained  for  the  forces : — 

(1.)  mgA8=l{:p+w)^^I^^^^ 

dividing  both  sides  by  Ggl, 

putting  J7.=0-93v+(0-016-0-06/)  (6v)* 

I7,=0-93v+(0-06/+0-35)  (6t;)* 
(2.) 


IK+p 


=^j-93v+ 


IT+y 


putting  ir=2p,  where  q  practically =1  for  large  rivers. 
(3.)  ■^—=^  (0-93V  +  -0167  Q>v}=^(z)=Cz^. 


F+y 


(4.)  C= 


AS 


a 

by  practical  observation  C=-— ,  hence 
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In  this  equation  there  are  practically  only  four  vari- 
ables, -4,  p  4-  IF,  S  and  «,  and  for  ordinary  natural  chan- 
nels p  nearly  =r01 5  TF;  hence  if  the  values  of  any  three 
are  given,  the  fourth  may  be  obtained,  the  transpositions 
of  the  equation  being — 

1955^ 
(8.)    p+F=:l?ii^. 

Now  0  is  a  variable,  of  which  only  two  absolute  values 
are  known,  viz.,  that  for  a  rectangular  cross  section,  and 
that  for  an  ordinary  river  section,  which  are — 

igf=t;4.01676*v* 
«=0-93v  + 0167  6*1;*. 

Substituting  these  in  ($)  and  solving,  we  get  for  rect- 
angular channels 

(9.)  V-  v/0006464-(195/i,S*)*-0-086V. 
For  ordinary  river  channels, 

(10.)  t;=(V008l6  +  (225iiiiSf^-096V; 

For  large  rivers,  where  jR>12  feet,  and  where  6= 

1*69 
7^5 — ---4 =0-1 856,  the  first  term  may  be  neglected,  and 

(it +1-5)* 

this  latter  equation  becomes — 

(11.)  t;=([225i2,/S*]*-.-0388)«; 

If  the  discharge  is  known,  and  also  two  of  the  four 
variables  in  equation  ($),  provided  they  are  not  A  and  v, 
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the  other  two  variables  may  be  computed  by  eliminating 
the  unknown  variable  in  the  second  member  of  that  one 
of  the  transpositions  of  equation  (11)  whose  first  member 
is  the  variable  sought,  by  substituting  for  it  its  value 
deduced  from  the  equation  (12). 

Q 

No  difficulty  will  be  found  in  performing  the  calcula- 
tion, except  when  8  and  p  +  W  are  the  known  variables, 
in  which  rate  an  equation  of  a  higher  degree  than  the 
second  cannot  be  avoided,  and  successive  approximation 
must  be  adopted  as  follows  : — 

Assume  a  value  of  -4,  and  find  two  values  of  v,  one 
from  equation  (12),  the  other  from  (10)  or  (9),  as  the  case 
may  require  ;  these  values  of  v  will  not  agree,  hence  con- 
tinue assuming  new  values  for  -4,  until  the  resulting 
values  of  v  are  identical. 

The.  above-mentioned  Mississippi  formulae  apply  only 
to  the  discharges  of  very  large  rivers  ;  their  adoption  is 
not  to  be  recommended  in  any  other  cases. 


ID.  Bends  and  Obstructions. 

The  irregularities  of  a  ris^er  materially  affect  its 
velocity ;  the  following  remarks  on  this  subject,  by 
Captains  Humphreys  and  Abbot,  are  instructive  on  this 
point 

*  Even  on  a  perfectly  calm  day,  there  is  a  strong  re- 

*  sistance  to  the  motion  of  the  water  at  the  surface,  indc- 

*  pendent  of,  and  not  mainly  caused  by  the  friction  of  the 

*  air  ;  the  principal  cause  being  the  loss  of  force,  arising 
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*  from  the  upward  currents  or  transmitted  motion  caused 
*by  the  irregularities  at  the  bottom.     There  is  also  an 

*  almost  constant  change  of  velocity  at  various  depths,  re- 

*  suiting  from  the  wind  in  a  great  measure  ;  and  eddies 
'  changing  their  position  and  magnitude  cause  variations 

*  in  the  velocity  of  the  river  at  a  given  point,  and  these 

*  again  are  influenced  in  intensity  by  the  wind.' 

Such  irregularities  are  of  course  beyond  calculation  ; 
others  again  may,  in  some  instances,  have  their  results 
approximated  to,  and  allowances  made  for  them,  by  con- 
sidering a  certain  portion  of  the  head  on  the  stream  as 
neutralised  by  them  ;  and  these  are  known  as  bends  or 
obstructions  whose  effects  are  within  the  range  of  calcu- 
lation. Generally  the  disturbing  effects  of  lateral  bends 
and  curves,  and  of  shoals  and  obstructions,  constituting 
vertical  bends,  as  well  as  alterations  of  section,  cannot  be 
calculated  with  any  practical  accuracy.  It  is,  therefore, 
best  entirely  to  avoid  such  difficulties ;  but  when  this 
cannot  be  done,  the  following  formulae  may  be  used  in 
preference  to  neglecting  the  allowance. 

The  old  general  formula  for  loss  of  head,  \  due  to  a 
bend  in  a  canal,  river,  or  water-pipe,  is  of  very  doubtful 
value ;  it  is 

where  c  is  an  experimental  coefficient  generally  taken 

at  the  fixed  value  0*5184  ; 
a=the  arc  of  any  bend,  not  exceeding  90**  j 
h^  and  R  the  radius  of  bend  are  in  feet,  and  V  is  in  feet 
per  second. 

The  total  loss  of  head,  due  to  the  bends  for  which  al- 
lowance is  to  be  made  throughout  a  course,  is  then  the 
sum  of  all  such  values  h^  obtained. 
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River  bends. — A   more   modem   formula   suited  to 
rivers  is  that  adopted  by  the  Mississippi  Survey,  it  is — 

,       "P  sin'a 
'         134     ' 

where  a  =  angle  of  incidence  of  the  water  in  passing 
round  the  bend : — it  is,  however,  always  assumed  that 
each  angle  is  one  of  30°,  and  the  effect  is  estimated  as 
due  to  the  number  iV  whether  integral  or  fractional  of  such 
bends  or  deflections  of  30** ;  and  this  enables  the  formula 
to  be  put  into  the  simpler  form — 

A^=^'= A'  7«  X  0-001865. 

The  values  of  this  formula,  for  various  velocities  and 
bends,  are  given  in  Part  2  of  Table  IX.,  and  an  explana- 
tory example  is  attached. 

Pipe-bends, — A   formula   more   suited   to  bends   of 
pipes  is  that  of  Weisbach  ;  it  is  for  cylindrical  pipes — 

and  for  rectangular  tubes — 

A=    «      Px  fo-124  +  3.104fAnl 
'     180°'  2g      \  \2RJ    J 

but  as  the  bends  of  pipes,  known  as  quarter  bends,  are 
generally  taken  as  90** ;  the  value  of  the  factor  in  either 
case 

^  ^^       then  becomes  =  -J^-^  =  0007764  V\ 


180°x2gr  128*8 

In  this  formula  r  and  R  are  the  radii  of  the  pipe  and  of 
the  bend,  and  the  other  terms  are  as  before.     The  loss  of 


io6  PRINCIPLES  AND  FORMULA.  chap.  i. 

head  due  to  bends  in  pipes  is,  however,  generally  re- 
quired in  relation  with  discharges,  not  with  mean  veloci- 
ties of  discharge.  The  values  approximately  given  by 
this  formula  have,  therefore,  been  tabulated  in  this  form, 
and  are  given  in  Part  i  of  Table  IX. ;  an  explanatory 
example  is  also  attached  to  it. 

Obstructums. 

While  the  above  formulae  may  be  thus  employed 
for  the  present,  it  must  be  noticed  that  they  are  merely 
approximately  correct,  and  that  extensive  and  numerous 
careful  experiments  are  yet  required  before  an  accurate 
determination  of  the  head,  representing  the  loss  of  effect 
caused  by  a  bend  of  every  sort  and  condition,  will  be 
arrived  at 

The  ordinary  formula  for  calculating  the  rise  in  feef 
resulting  from  an  obstruction  in  the  section  of  a  river 
channel  is  that  of  Dubuat ;  it  is — 

where  -4,  a,  are  the  normal  and  the  reduced  sectional 
areas  of  flow. 
S  is  the  sine  of  the  hydraulic  slope  of  the  river, 
and  o  is  the  experimental  coefficient  for  discharge  through 
the  bridge  opening  taken  as  a  sluice  or  orifice. 
Now,  as  in  most  cases  B  is  less  than  0*001,  that  term 
may  be  neglected,  and  taking  o  =  0-96,  0^=0*92,  and  the 
formula  becomes — 

A„=00169  7«{(-^)*-l} 

For  other  values  of  o,  suitable  to  any  special  case,  the 
corresponding  value  of  o'  must  be  applied  in  the  original 
formula. 
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The  values  of  this  are  given  in  Part  3  of  Table  IX., 
and  an  explanatory  example  accompanies  it. 


II.   Discharges  from  Orifices  and 

Overfalls. 

The  discharge  from  orifices  and  overfalls,  which  to  the 
practical  man  generally  resolve  themselves  into  sluices, 
weirs,  and  water-cocks,  is  a  subject  that  was  fully  entered 
into  by  hydraulicians  of  past  times,  and  to  which  very 
little  information  has  been  added  by  recent  experimental- 
ists. Nor  is  it  by  any  means  likely  that  further  contribu- 
tions will  be  soon  made  to  this  branch  of  hydraulic  science, 
as  there  have  recently  been  to  that  of  channel-discharge; 
the  practical  interest  attaching  itself  to  the  exact  de- 
termination of  discharge  of  a  sluice  or  a  weir  not  being 
in  excess  of  the  amount  of  exactitude  already  attained. 
As  all  accepted  information  on  this  subject  is  to  be 
found,  with  but  little  variation,  in  the  older  books, 
the  author  had  little  choice  left  to  him,  in  compiling 
from  them  ;  much  of  the  following  was  reduced  from 
Bennett's  translation  of  d'Aubuisson's  hydraulics,  for 
want  of  a  copy  of  the  original. 

Setting  aside  the  experiments  of  the  more  ancient 
philosophers,  it  may  be  assumed  that  the  discharge  from 
any  orifice  under  theoretically  constant  pressure  is 


where -H"=  the  head  of  pressure  of  the  orifice, 

o=the  coefficient  of  reduction  obtained  by  experi- 
ment on  such  orifice, 

F=the  mean  velocity  of  discharge. 
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The  first  of  the  more  modem  hydraulicians  to  obtain 
experimental  values  of  o,  on  a  scale  larger  than  the  pre- 
vious very  petty  experiments,  was  Michelotti :  his  ex- 
periments conducted  at  Turin  in  1767,  under  heads  of 
pressure  up  to  22  feet,  determined  coefficients  of  reduction 
varying  from  0'6 1 5  to  0*619,  for  circular  orifices,  up  to 
6\  inches  in  diameter,  and  coefficients  varying  from  0602 
to  0*619  for  square  orifices,  up  to  3  inches  in  length  of 
side.  The  next  important  experiments  did  not  so  much 
include  increase  of  head  as  increased  dimension  of  open- 
ing. Messrs.  Lespinasse  and  Pin,  Engineers  of  the 
Languedoc  Canal,  1782  to  1792,  made  experiments  on 
rectangular  openings,  or  sluices  4*265  feet  broad,  and 
having  heights,  varying  from  i*S7S  to  1*805  feet,  under 
heads  on  their  centres*  of  from  6*2  to  14*5  feet ;  the 
coefficients  deduced  varied  from  0*594  to  0*647,  the  mean 
being  0*625  ;  they  also  observed  that  the  discharge  from 
two  sluices  opened  at  one  time  side  by  side  was  not 
double  that  from  one  sluice.  In  1826  at  Metz,  MM 
Poncelet  and  Lesbros  deduced  a  law  for  the  determina- 
tion of  coefficients  of  discharge  of  rectangular  orifices 
under  various  proportions  of  head  of  pressure  and  depth 
of  opening  to  width ;  these  coefficients,  ranging  from  0*572 
to  0*709,  are  given  in  Table  XII.  The  next  important 
experiments  recorded  were  those  conducted  by  M.  George 
Bidone,  at  Turin,  in  1836,  on  orifices  on  parts  of  which 
the  contraction  was  suppressed,  the  extreme  of  suppres- 
sion being  a  case  in  which  the  whole  of  the  contraction 
was  suppressed  by  fitting  an  interior  short  tube  to  the 
mouth  of  the  orifice :  his  resulting  formula  of  discharge 
was  for  rectangular  orifices — 
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and  for  circular  orifices, 

Q=ro.ilv/2^(l+0-128|) 

where  'p  is  the  portion  of  the  perimeter  P  whose  contrac- 
tion is  suppressed. 

About  this  time  also  some  further  experiments  were 
made  by  Castel  and  d'Aubuisson  ;  and  some  by  Borda 
on  orifices  in  sides  not  plane,  but  of  compound  forma- 
tion. 

In  small  orifices  generally. 

The  results  of  all  these  experiments  show  that  the 
extreme  limits  of  the  value  of  0  are  0*50  and  roo  for 
orifices  in  all  sorts  of  sides,  and  under  all  conditions,  and 
are  o*6o  and  070  for  orifices  in  plane  sides  ;  also  that 
the  general  mean  value  of  0  for  orifices  in  a  thin  plate  is 
062  ;  this,  however,  is  perhaps  more  true  for  small  circular 
orifices  than  for  any  other  class  of  them.  In  this  case 
therefore 

F=  0-62  V  8025  v'77=  4-975 ^/^, 

and  for  rectangular  orifices  of  a  similar  class,  the  special 
values  of  o,  ranging  from  0*572  to  0709,  given  in  Table 
XII.,  must  be  applied  to  the  general  formula 


In  order  to  determine  the  mean  velocity  of  discharge, 
which  when  multiplied  by  the  sectional  area  gives  the 
quantity  discharged  per  second. 

Efiict  of  initial  velocity, — In  the  special  case  in  which 
the  reservoir  of  supply,  still  being  kept  at  a  constant 
level,  is  seriously  affected  by  the  velocity  of  the  water 
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supplying  it,  the  discharge  of  the  orifice  will  be  aug* 
merited  on  this  account,  and  then 

where  ir=the  initial  velocity  of  entrance. 

Attached  channel. — When  an  open  channel  is  at- 
tached to  the  orifice  at  its  exit,  in  such  a  manner  that 
the  sides  and  bottom  of  the  channel  are  continuations  of 
those  of  the  orifice,  the  coefficient  of  contraction  remains 
the  same,  except  when  the  head  on  the  orifice  is  less 
than  2\  times  the  height  of  the  orifice  ;  in  this  latter  case 
the  coefficient  may  have  to  be  materially  reduced.  An 
extreme  case  given  by  Poncelet  and  Lesbros,  being  one 
of  a  discharge  through  an  orifice  0*164  feet  high,  under  a 
head  of  o*ii8,  gave  a  value  of  0= 0*452,  while  without 
an  attached  channel  the  value  of  o  was =0*612  ;  further, 
when  the  level  of  the  attached  channel  was  exactly  at  the 
same  level  as  the  floor  of  the  reservoir  of  supply,  the  value 
of  o  was  reduced  to  0*443.  The  law  of  reduction  of 
coefficient  necessary  for  these  cases  is  not  yet  given  in 
a  definite  form.  The  inclination  of  the  attached  channel 
when  less  than  one  in  100  did  not  affect  the  coefficients 
in  any  way,  but  when  increased  to  one  in  10  had  the 
effect  of  increasing  the  coefficient  from  3  to  4  per  cent 

Orifices  with  mouthpieces  attac/ied  were  even  in  the 
time  of  the  Romans  known  to  have  a  greater  discharge 
than  those  without  them.  In  order  to  effect  this  increase' 
it  is,  however,  necessary  that  the  length  of  the  attached  or 
additional  tube  should  be  twice  or  three  times  the  dia- 
meter of  the  orifice,  otherwise  the  fluid  vein  does  not 
entirely  fill  the  mouth  of  the  passage.  The  experiments 
of  Michelotti  and  Castel  determined  a  mean  coefficient 
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of  discharge  for  cylindrical  mouthpieces  of  0'82,  the 
extremes  being  0*803  and  0*830 ;  the  singular  effects 
produced  under  some  circumstances  by  the  application 
of  cylindrical  mouthpieces  are  more  curious  than  useful. 
Conical  converging  mouthpieces  increase  the  discharge 
more  highly :  the  experiments  on  them  of  Castel,  engi- 
neer of  the  waterworks  of  Toulouse,  are  exceedingly 
interesting  ;  they  demonstrated  that  under  varied  heads 
the  coefficients  of  discharge  and  of  velocity  were  practi- 
cally constant  for  the  same  mouthpiece,  and  that  for  the 
same  orifice  of  exit  the  coefficient  of  discharge  increased 
from  083  for  a  cylindrical  mouthpiece  in  proportion  to 
the  increase  of  the  angle  of  convergence  of  the  mouth- 
piece employed  up  to  0*95  for  an  angle  of  13^**;  and 
that  beyond  this  angle  the  coefficient  of  discharge  di- 
minishes to  0*93  for  20^  and  afterwards  decreases  more 
rapidly.  The  length  of  mouthpiece  employed  in  these 
cases  as  well  as  in  the  former  was  2\  times  the  diameter 
of  the  orifice.  Some  experiments  by  Lespinasse  on  the 
canal  of  Languedoc  showed  the  enormous  increase  of 
discharge  effected  by  using  converging  mouthpieces : 
his  mouthpieces  were  truncated  rectangular  pyramids 
9*59  feet  long,  the  dimensions  at  one  end  2*4 x  32  feet, 
at  the  other  '44  x  '62  feet,  and  were  used  in  mills  to 
throw  the  water  on  to  water-wheels  ;  their  opposite 
faces  were  inclined  at  angles  of  11**  38'  and  15**  18',  and 
the  head  employed  was  9*59  feet ;  the  experiments 
resulted  in  determining  a  coefficient  of  discharge  varying 
from  0976  to  0*987. 

Conical  diverging  and  trumpet-shaped  mouthpieces 
still  further  increase  the  discharge  from  an  orifice :  the 
experiments  of  Bernouilli,  Venturi,  and  Eytelwein  have 
thrown  much  light  on  this  subject,  and  showed  the  co- 
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efficient  to  lie  between  0*91  and  1*35.  Venturi  con- 
cluded that  the  mouthpiece  of  maximum  discharge 
should  have  a  length  nine  times  the  diameter  of  the 
smaller  base,  and  a  flare  of  5**  6',  and  that  it  would,  if 
properly  proportioned  to  the  head  of  pressure,  give  a 
discharge  v\6  times  the  theoretic  unreduced  discharge 
through  an  orifice  in  a  thin  side. 

Sluice  gates,  large  openings,  &c. 

It  may  be  observed,  however,  that  although  the 
minutiae  of  discharges  under  certain  experimental 
conditions  have  been  sedulously  preserved,  there 
is  yet  considerable  doubt  what  coefficients  should  be 
used  for  large  sluices  and  wide  openings  of  different  sorts. 
It  may  be  unfortunate  that  experimentalists  should 
differ,  but  at  the  same  time  the  circumstances,  under 
which  the  amount  of  discharge  from  a  sluice  is  an  im- 
portant consideration,  only  occur  generally  to  those  who 
are  capable  and  have  the  opportunity  of  determining  it 
accurately  by  experiment  themselves. 

The  ordinary  coefficient  for  a  sluice  of  moderate  size, 
for  small  lock  or  dock-gates,  or  mill-gates,  is  generally 
taken  at  0*62  ;  that  for  a  narrow  bridge-opening,  which 
may  be  considered  as  a  large  sluice,  at  082  ;  and  that  for 
very  large  well-built  sluices,  very  wide  openings  out  of 
reservoirs  level  with  the  bottom  of  the  reservoir,  and 
large  bridge-openings  of  the  modern  type,  at  092. 

The  term  H,  representing  the  effective  head  of  pres- 
sure, is  differently  estimated  in  various  cases  :  in  ordinary 
cases  of  sluices,  supplied  from  a  reservoir  above  them, 
the  head  is  the  difference  of  level  between  the  surface  of 
the  water  in  the  reservoir  and  the  centre  of  figure  of  the 
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sluice ;  but  when  the  sluice  is  drowned,  that  is,  has  a 
perceptible  depth  of  water  in  the  tail  race  standing 
above  the  sluice  itself,  the  head  is  the  difference  of  level 
of  the  water  above  and  of  that  below  it ;  in  bridge-open- 
ings also,  the  head  is  the  difference  of  water  level  on  the 
up-stream  and  down-stream  sides  of  the  bridge. 

The  most  recent  experimental  determination  of  coeffi- 
cients of  discharge  for  head-sluices  supplying  small  chan- 
nels is  that  of  d'Arcy  and  Bazin  ;  the  results  of  these 
operations  will  be  given,  with  the  account  of  the  mode  of 
gauging  adopted  by  them,  in  Chapter  II. 

The  above  includes  all  the  general  deductions  about 
orifices  that  are  likely  to  be  of  any  use  to  the  engineer  ; 
a  more  practical  collection  of  coefficients  of  discharge  for 
orifices  is  given  in  Part  4  of  Table  XII.  ;  and  the  value 
of  the  expression  F=  o  V2gH 

is  given  in  Table  X.,  for  various  heads,  and  for  all  the 
values  of  0  that  are  commonly  used  ;  some  explana- 
tory examples  also  follow  that  table. 

The  discharge  of  pipes  under  pressure. 

This  subject  may  be  treated  as  one  closely  allied  to 
the  discharge  of  orifices  in  one  respect.  If  at  any  point 
in  a  pipe  or  series  of  pipes  under  pressure  the  continuity 
of  the  pipe  be  cut  off,  the  discharge  at  that  point  will 
obviously  be  that  of  an  orifice  under  pressure,  provided 
the  necessary  free  fall  be  allowed  ;  th^  dimensions  of  the 
orifice  will  be  those  of  the  section  of  the  pipe  at  the  exit, 
and  the  head  will  be  the  statical  pressure,  less  a  reduction 
of  head  representing  the  friction  throughout  the  whole 
course  of  the  series  of  pipes  of  supply,  and  another  for 
contraction  at  entry  and  at  exit 

T 
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In  actual  practice,  this  method  could  alone  be  con- 
veniently applied  at  the  extremity  of  a  series  of  pipes  for 
direct  determination  of  discharge ;  but  having  obtained  by 
this  or  any  other  method  the  discharge  at  any  one  point 
in  a  line  of  pipes,  the  discharge  at  any  other  point  along 
the  same  line  may  be  relatively  determined  by  making 
allowance  for  the  friction  developed  in  the  intermediate 
length  by  a  representative  head. 

A  more  common  mode  of  making  calculations  of  dis- 
charge, pressure,  and  diameter  of  pipes  under  pressure 
has  been  in  accordance  with  mean  inclinations  of  the 
various  general  lines  of  pipes  in  a  series,  and  by  apply- 
ing the  ordinary  formula  for  flow  (transformed  for  dia- 
meters  of  cylinders)  as  before  given 

Q  =  cx  39-27  i/Sa» 

It  is,  however,  evident  that  this  method  of  assuming 
a  mean  hydraulic  slope  taken  from  a  point  where  the 
pressure  is  zero  to  the  point  of  contemplated  discharge, 
and  treating  the  discharge  according  to  the  principles 
of  flow,  from  a  summit  due  to  that  hydraulic  slope,  is  an  in- 
exact method  ;  for  it  is  very  evident  that  the  same  data 
as  bases  of  calculation  might  apply  to  two  very  different 
conditions  of  length  of  pipe,  thus  neglecting  consider- 
able amounts  of  friction. 

Overfalls  and  Weirs. 

An  overfall  may  be  treated  as  a  wide  rectangular 
oriflce  in  an  ultimate  position,  where  the  head  on  the 
upper  edge  is  zero ;  and  its  discharge  may  be  there- 
fore computed  in  the  same  manner  as  that  of  an  oriflce. 
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The  discharge  of  an  orifice  is  according  to  the  para- 
bolic theory — 

where  h  and  A,  are  the  heads  on  the  top  and  bottom 
edge,  and  'M;is  the  width  of  the  orifice;  but  if  J3'=mean 
head  on  the  centre  of  the  orifice,  and  d  is  its  depth  when 
the  orifice  becomes  an  overfall,  this  formula  becomes 

g=oxfv2^x«;{(if  +  fy-(if-fy| 
developing  this,  and  putting  wd^^^A,  the  sectionaJ  area, 

and  as  d  is  comparatively  small,  the  last  term  may  be 
neglected,  hence 


q^oA\^2gH\  and  y-o\y/2gE 

where  S  is  the  head  on  the  sill  of  the  overfall. 

The  value  of  the  coefficient,  0,  varies  according  to 
the  conditions  of  the  overfall.  It  was  determined  by  M. 
Castel,  at  Toulouse,  by  a  large  series  of  experiments  ; 
and  also  by  Francis,  in  the  Lowell  experiments  referred 
to  in  Chapter  II.  on  Gauging.  (For  obstructed  overfalls 
sec  also  a  paragraph  following.) 

The  experiments  of  M.  Castel  showed  that,  for  the 
accurate  employment  of  a  general  coefficient  the  dimen- 
sions and  conditions  of  an  overfall  should  fall  within 
one  of  the  three  following  classes. 

1st.  When  the  length  of  the  overfall  sill  extends  to 

the  entire  breadth   of  the  channel,   and   the  head  on 

the  sill  is  less  than  one-third  the  height  of  the  dam  or 

barrier,   the  coefficients   remain   remarkably  constant, 

la 
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varying  only  from  0664  to  0*666.     Hence  generally  for 
this  case,  0= 0*666. 

2nd.  When  the  length  of  the  overfall  sill  is  less  than 
the  entire  breadth  of  the  channel  of  supply,  but  is 
greater  than  a  quarter  its  breadth,  the  coefficient  lies 
between  the  two  extremes  of  o*666  and  0*598,  and  is 
strictly  dependent  on  the  ratio  of  the  length  of  sill  to 
breadth  of  channel ;  hence  it  is  for  the  following  relative 
lengths  of  sill : — 


Relative  lengths  of  sill 

Coefficient 

Relative  lengths  of  sill 

Coefficient 

I'OO 

0-666 

O'SO 

0-613 

0-90 

0-658 

0-40 

0*609 

0-80 

0-647 

0-30 

o*6oo 

070 

0*635 

0-25 

0598 

0*60 

0-624 

3rd.  If  the  length  of  the  overfall  sill  be  equal,  or  even 
only  nearly  equal,  to  one-third  the  breadth  of  the  chan- 
nel, the  coefficient  remains  very  constant,  varying  only 
between  0*59  and  0*61.  Hence  generally  for  this  case, 
which  is  particularly  favourable  for  gauging  small 
streams,  0=0*60. 

In  other  cases,  that  is,  when  the  length  of  the  sill  is 
less  than  a  quarter  the  breadth  of  the  channel  of  supply, 
the  coefficient  depends  on  the  absolute  length  of  sill, 
and  requires  determining  specially  ;  it  increases  from 
0*61  to  067  in  direct  proportion  to  the  diminution  of 
absolute  length  of  sill. 

Velocity  of  approach. — With  reference  to  the  three 
cases  suitable  for  practical  purposes,  the  experiments 
of  M.  Castel  showed  that  when  the  sectional  area  of 
the  overfall  was  less  than  one-fifth  of  that  of  the  normal 
section  of  the  channel  of  supply,  the  effect  of  velocity 
of  approach  in  the  channel  did  not  modify  the  value  of 
the  coefficient ;  for  other  conditions,   the   modification 
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necessary  was  not  determined  in  a  very  satisfactory 
form  : — the  new  equation  for  mean  velocity  of  discharge 
being  changed  from 

F=  of  ^/2gH 


into  Frcof  v/2^(i/-t- 0035 W'% 

where  W=  the  surface  velocity  of  approach,  not  deter- 
mined from  observation,  but  from  its  assumed  ratio  to 
the  mean  velocity.  Perhaps  therefore  it  is  preferable 
to  modify  the  coefficient,  o,  into  a  new  coefficient  Oj, 
comprising  the  allowance,  thus 


».=»lo4y-(^yi 


where  h  is  the  head  due  to  the  velocity  of  approach,  and 
H  is  the  head  on  the  weir  sill. 

Attaclied  channels, — For  the  special  cases  in  which 
channels  are  attached  in  continuation  of  the  sides  of 
the  overfall,  the  coefficients  in  the  experiments  of 
Poncelet  and  Lesbros  were  reduced  by  18  to  33  per 
cent  If,  however,  the  fall  to  the  channel  is  more  than  3 
feet,  no  reduction  is  generally  made  in  the  coefficients. 

It  may  be  noticed  that  the  head  on  the  sill  used  in 
the  above  expression  is  that  in  the  centre  of  the  over- 
fall, which  is  independent  of  the  rising  of  the  water  at 
the  wings,  a  phenomenon  to  be  observed  in  almost  all 
cases  of  weir  discharges. 

In  all  the  above  cases,  it  is  supposed  that  thin  edges 
as  of  metal  sheets,  or  one-inch  waste-boards,  are  used  ; 
for  broad  or  round-lipped  crests,  the  coefficients  will 
require  reduction.  See  the  coefficients  given  in  Part  5 
of  Table  XII. 

Obstructed  Overfalls, — When  obstacles  occur  on  the 
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sill  of  an  overfall,  as  dwarf  pillars  or  blocks,  a  deduction 
in  the  discharge  over  the  sill  is  made  not  only  on  account 
of  the  reduction  of  section,  but  on  account  of  the  con- 
tractions resulting.  Francis's  formula  is  applicable  to 
these  circumstances  in  cases  where  the  length  of  weir  sill 
equals  or  exceeds  the  head  ; — it  is 

where  n  =  the  number  of  end  contractions, 
(note  that  71=2,  when  there  is  no  central  obstruction,) 
i= length  of  weir  sill, 
IH'=A  the  sectional  area  of  discharge, 
and  0  =  0-6228. 

In  case  the  weir  sill  has  the  same  breadth  as  the 
channel  of  supply,  71= 0  ;  and  in  that  case 

Q =3-332 1 H^. 

This,  it  will  be  observed,  varies  from  that  of  Castel,  which, 
under  the  same  conditions,  when  0  =  0*666,  gives 

Q  =  3-563  IH\ 

Partly  Drowned  Overfalls, — When  a  weir  has  its  tail 
w^ater  above  the  edge  of  the  sill,  it  may  be  treated  as  a 
combination  of  an  overfall  with  an  orifice ;  the  upper 
portion  down  to  the  level  of  the  lower  water  as  an  over- 
fall, and  the  lower  portion  from  that  down  to  the  sill 
level  as  a  rectangular  orifice,  and  the  discharges  calculated 
separately  for  each.  The  same  value  of  H  is  used  in 
Doth  cases,  H  being  the  head  due  to  the  overfall,  that 
is,  down  to  the  level  of  the  tail-race. 

Some  further  values  of  coefficients  of  weir  dischai^ 
are  given  in  the  accounts  of  gauging  in  Chapter  II,  To 
aid  in  the  computation  of  discharges  from  overfalls,  the 
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velocities  of  discharge  due  to  various  heads  and  various 
coefficients  may  be  obtained  from  those  given  in  Table 
X.,  by  reducing  the  velocities  there  given  by  one- 
third  ;  the  results  multiplied  by  the  section  of  overfall 
are  then  the  required  discharges.  The  method  thus 
adopted  enables  the  same  table  to  be  used  in  computing 
the  discharges  of  both  orifices  and  overfalls.  A  table  of 
weir  coefficients  is  given  in  Table  XII.,  and  some  expla- 
natory examples  accompany  Table  X. 


12.  Efflux  or  Discharge  from  Prismatic  Vessels, 
Locks,  Basins,  Reservoirs,  or  Tanks. 

The  following  formulae  given  by  d'Aubuisson  may  be 
considered  useful  for  reference  in  the  cases  in  which  they 
are  required  in  engineering  practice  : — 

First  Case, 
Simple  discharge  from  a  reservoir. 

(ist.)  When  the  reservoir  empties  itself  through  an 
orifice  or  sluice  with  free  exit. 

Velocities. — The  ratio  between  the  velocity  at  the 
orifice  of  discharge  and  that  of  the  water  in  the  reservoir 
is  in  the  inverse  ratio  of  their  sectional  areas. 

Head,  —If  if  =  actual  height  of  water  in  the  reservoir ; 
A=the  height  due  to  and  generating  the  velocity  of  dis- 
charge, and  A  and  a  are  the  sectional  areas  of  the 
reservoir  and  the  orifice  respectively. 

Then  "'^^n — 5-^ 
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Discliarge. — A  reservoir  emptying  itself  through  an 
orifice  in  a  given  time  would  discharge  a  volume  equal 
to  half  that  due  to  the  head  at  the  commencement,  kept 
constant  during  the  same  time.  For  such  examples 
applied  to  locks,  see  Table  X. 

Titne, — ^The  time  in  which  a  prismatic  reservoir 
empties  itself  is  double  that  in  which  the  same  volume 
would  be  discharged  if  the  initial  head  had  remained 
constant 

The  time  of  descent,  f,  to  a  given  depth,  (i= JST— A, 

oav:ig 
and  the  quantity  discharged  in  a  given  time,  f, 

is  Q=A  (g-fe)=^-^-Y^(  ^H-^^), 

and  the  mean  hydraulic  head,  Hy^  under  which  the  same 
quantity  would  be  discharged  in  the  same  time  is — 


H 


H- 


H+ 


yhy 


where  H  and  h  are  the  heads  at  the  beginning  and  end  of 
the  time  of  discharge,  the  reservoir  receiving  no  supply 
during  that  time. 

(2nd.)  When  the  basin  or  reservoir  receives  a  constant 
supply  during  the  time  of  discharge. 

If  g=  quantity  supplied  per  second, 

^=time   in   which   the   surface  will  descend  the 
depth,  x=rzH—h. 
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when  there  is  no  supply,  or  g=0,  this  equation  resolves 
itself  into  that  previously  given. 

(3rd.)  In  the  case  of  tliere  being  no  supply,  but  the 
discharge  instead  of  being  effected  through  an  orifice  is 
conducted  over  an  overfall,  having  a  length  of  sill  =X, 

ZA      r    1  \\ 

Non-prismatic  reservoirs  are  extremely  difficult  to 
deal  with,  and  the  investigation  of  any  special  case  here 
would  be  comparatively  useless. 

Second  case. 

WJun  one  reservoir  empties  itself  into  a  partly  filled 

reservoir. 

(ist.)  When  each  of  the  two  reservoirs  being  exceed- 
ingly large  practically  preserves  its  own  level,  the  com- 
municating sluice  being  below  the  lower  surface  of  water ; 
then  if  if,  A,  are  the  heads  ;  a  the  sectional  area  of  the 
sluice, 

the  discharge  Q=oa>^2g  (H^hy 

(2nd.)  When  the  upper  reservoir  being  exceedingly 
large  preserves  its  own  level,  and  the  lower  reservoir 
having  a  definite  area  (-4),  receives  the  supply  through  a 
sluice  of  a  section  (a),  required  the  time  t  in  which  the 
surface  of  the  lower  basin  will  rise  to  a  certain  height. 

If  H,  A,  be  the  heads  on  the  lower  surface  at  the  be- 
ginning and  end  of  the  time,  t, 

2A 
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this  formula,  like  that  previously  given,  is  useful  for 
determining  the  time  necessary  to  fill  a  lock  chamber  ; 
when  A=0,  or  the  levels  become  the  same,  the  case  is 
that  of  canal  locks,  and  the  sectional  area  of  the  sluice 
may  be  determined  from  this  equation. 

(3rd.)  When   neither  reservoir  receives  any  supply, 
and  both  are  limited  in  size,  if  the  surfaces  are  originally 
at  different   levels,   and   the   communication   sluice   is 
opened,  the  surface  of  one  will  rise  and  the  other  fall. 
If  4,  5,  are  the  sections  of  the  two  vessels, 

if,  a?,  the  heads  at  the  beginning  and  end  in  A^ 
A,  y,  the  heads  at  the  beginning  and  end  in  5, 
a=the  sectional  area  of  the  pipe  or  sluice, 
^=time  during  which  the  sluice  is  open. 


then 


«= 


"lAs/B 


oa,{A'\-B)^1g 


=  1  ^fB  {U^h)--s/(AJtB)x-AH-'B}i^ } 


and  if  it  be  required  to  know  the  time  if  in  which  the  two 

ATT  I    "PI* 

surfaces  will  be  level ;  in  that  case,  x^y= 


A^B 


and  then 


2ABVH-^h^ 
oa(il+jB)  J2g. 


This  formula  is  convenient  for  determining  the  time 
occupied  in  bringing  the  water  in  the  two  chambers  of  a 
double  lock  to  the  same  level,  by  means  of  a  sluice  of 
known  dimensions. 
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CHAPTER   II. 

ON  FIELD  OPERATIONS  AND  GAUGING. 

I.  Direct  measurement  of  discharge.     2.  Gauging  by  rectangular  overfalls, 

3.  Appliancts  and  instruments  for  the  measurement   of   velocities. 

4.  Baldwin  and  Whistler*s  gauging  by  means  of  surface  velocities. 

5.  Francis's  gauging  canals  and  streams  with  loaded  tubes.  6.  The 
Mississippi  field  operations  for  gauging  very  large  rivers.  7.  Field 
operations  in  gauging  crevasses  :  and  computation  of  coefficients. 
8.  Captain  Humphreys'  improved  system  of  gauging  rivers  and  canals, 
and  General  Abbot's  mode  of  determining  a  discharge  on  any  given 
day.  9.  The  experiments  of  d'Arcy  and  Bazin  on  the  Rigoles  de 
Chazilly  et  Grosbois.  10.  Velocity  observations  on  great  rivers  in 
South  America,  by  J.  J.  R6vy.  11.  Captain  Cunningham's  experi- 
ments on  the  Ganges  Canal.  12.  General  remarks  on  systems  of 
gauging,  and  conclusions  therefrom. 

I.    Direct  Measurement  of  Discharge. 

The  direct  measurement  of  the  discharge  of  a  channel 
or  stream  can  be  obtained  by  means  of  gauge-wheels. 
The  channel  is  widened  until  the  water  flows  at  a 
moderate  depth,  less  than  five  feet,  over  a  horizontal 
and  carefully  constructed  apron  which  is  divided  by 
piers  into  a  number  of  equal  openings.  At  each  of 
these  openings  a  gauge-wheel  is  placed,  which  fits  the 
opening  every  way  within  a  quarter  of  an  inch.  Sheet 
piling  is  driven  across  the  head  of  the  apron  and  along 
the  banks  approaching  it  for  some  little  distance,  so  as 
to  force  the  whole  of  the  water  of*  the  stream  to  pass 
between  the  piers  and  drive  the  wheels.  The  measure- 
ment of  the  water  is  determined  by  the  number  of  revo- 
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lutions  of  the  wheels,  which  should  be  all  coupled  on  to 
one  shaft  and  be  made  self-recording  on  a  dial-face,  and 
by  the  dimensions  of  the  wheels,  or  spaces  between 
their  blades,  as  well  as  by  the  depth  of  water  passing 
over  the  apron,  which  is  observed  at  intervals  of  about 
five  minutes  on  gauges  erected  for  the  purpose.  This 
method  of  obtaining  a  discharge  is  expensive,  interferes 
with  navigation  as  well  as  the  passage  of  the  water,  and 
is  therefore  very  rarely  adopted. 

2.  Gauging  by  Rectangular  Overfalls. 

The  water  of  a  canal  or  stream  is  made  to  discharge 
itself  over  a  single  horizontal  dam,  or  over  a  series  of 
small  overfalls  specially  constructed  for  the  purpose. 
The  discharge  over  overfalls  of  certain  dimensions,  and 
under  certain  circumstances,  is  known  by  many  series 
of  experiments  to  be  correctly  expressed  by  a  formula, 
containing  the  required  data  and  dimensions,  known  as 
Francis's  formula ;  it  is 


Q=o  X  ^  ^/2g  ri-0-l7iJ5r1^ 


where  i=  length  of  weir-sill. 

J5r=head  on  the  weir  from  still  water. 
71=  number  of  end  contractions. 

If  the  weir-sill  is  of  the  same  length  as  the  breadth  of 
the  channel  of  approach,  ti  — 0  ;  if  less  than  it,  and  there 
is  no  central  pier  or  obstacle,  7i=2  ;  each  pier  or  obsta- 
cle involving  two  additional  end  contractions. 

Taking  ^2^8-025  and  0  =  0*6228, 
Q= 3-331 98  [i-OlnJ?]^'. 
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This  gives  results  within  one  per  cent,  of  absolute 
exactitude.  The  dimensions  in  this  formula  being  taken 
in  feet,  the  discharges  will  be  in  cubic  feet  per  second. 

The  following  conditions  should  be  observed  in 
gauging  by  rectangular  overfalls. 

As  regards  form  of  construction  : — 

1.  The  dam  in  which  the  overfall  or  series  of  over- 
falls is  placed  should  have  the  sills  truly  horizontal,  and 
the  sides  of  the  overfalls  truly  vertical :  the  dam  itself 
should  be  vertical  all  along  on  the  up-stream  side,  but 
the  sills  should  all  be  sloped  off  on  the  down-stream 
side  at  an  angle  of  45°  or  more  with  the  horizon ;  all 
the  edges  of  discharge  should  be  sharp  and  true,  after 
passing  which  the  water  should  discharge  itself  unob- 
structed. 

2.  In  order  to  obviate  the  necessity  of  allowing  for 
the  velocity  of  approach  in  the  channel,  the  area  of  the 
overfall  — /.^.,  the  quantity  Z  x -H,  must  not  exceed  one- 
fifth  the  area  of  the  channel  ;  otherwise  an  allowance 
must  be  made  on  this  account,  as  given  in  the  para- 
graph on  Weirs,  Chapter  I.,  Section  1 1. 

3.  Should  the  velocity  in  the  channel  of  supply  not 
be  uniform  in  all  parts  of  its  section,  arrangements  must 
be  made  to  make  it  so  ;  this  can  be  done  by  placing 
gratings,  having  unequally  distributed  apertures,  all 
across  the  channel,  and  as  far  from  the  overfall  as  pos- 
sible, and  letting  the  water  pass  through  them  under  a 
small  head. 

4.  In  addition  to  the  above  it  is  absolutely  necessary 
that  the  air  under  the  falling  sheet  of  water  should  have 
free  communication  with  the  external  air. 

With  regard  to  dimensions  : — 

5.  Should  the  overfall  not  extend  to  the  entire  width 
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of  the  channel  of  supply,  there  should  be  at  least  a  dif- 
ference at  each  end  equal  to  the  depth  on  the  overfall^ 
so  ^as  to  produce  complete  end  contraction. 

6.  When  the  breadth  of  the  overfall  is  equal  to  that 
of  the  stream,  and  even  under  all  circumstances,  the 
depth  on  the  weir  should  be  less  than  one-third  the 
height  of  the  barrier. 

7.  The  depth  on  the  weir  must  be  always  less  than 
one-third  of  the  length  of  the  sill. 

8.  The  head  on  the  overfall,  if,  should  never  be  less 
than  0'2  feet ;  it  is  better,  also,  to  make  it  more  than 
0*5  feet  and  less  than  2  feet. 

9.  The  fall  from  sill  to  tail-water  should  not  be  less 
than  half  the  depth  on  the  weir,  in  order  to  ensure  a 
free  fall. 

The  following  practical  directions  suitable  to  streams 
and  moderate  rivers  are  given  as  examples,  where  ordi- 
nary care  and  accuracy  is  required. 

First  case, — When  the  discharge  is  supposed  to  be 
less  than  40  cubic  feet  per  second  : — 

First,  according  to  the  above  rules,  make  H  greater 
than  '2  feet ;  and  Hy.1  less  than  one-fifth  of  the  channel 
section  ;  let  Z  be  greater  than  '3  feet,  but  less  than  one- 
third  the  width  of  the  channel  ;  and,  to  ensure  a  free 
fall,  arrange  so  that  the  lower  edge  of  the  sill  may  not 
be  less  than  half  a  foot  above  the  tail-race.  Under  these 
conditions  the  coefficient  of  discharge  to  be  used  will  be 
0  =  0*623,  and  any  error  should  not  be  more  than  one 
per  cent 

Before  constructing  the  weir,  observe  the  surface 
velocity  in  the  channel  (F,)  and  the  transverse  section 
{A)\  the  approximate  discharge  will  then  be  Q,=  F,  x  A, 
and  assuming  a  value  for  I  as  before  mentioned,  obtain 
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a  value  for  H  by  means  of  the  ordinary  formula,  making 
use  of  the  approximate  discharge  for  this  purpose.  H 
should  be  from  i  to  3  feet,  and  should  such  a  value  not 
result,  from  the  application  of  the  previous  conditions, 
use  another  value  for  I,  so  as  to  secure  this  condition,  as 
well  as  to  retain  the  other  conditions  before  mentioned. 
When  this  is  gained,  the  opening  may  be  cut  of  the 
required  dimensions  in  one-inch  plank,  and  the  dam  well 
puddled  ;  and  as,  iii  practice,  the  dimensions  are  not  likely 
to  be  very  closely  adhered  to,  they  should  be  measured 
again  when  the  orifice  is  completed,  and  applied  in 
the  formula  before  given. 

Second  case. — When  the  supposed  discharge  Is  more 
than  40  cubic  feet  per  second,  but  is  manageable  : — 

Find  the  approximate  discharge  at  the  spot  from 
the  section  and  velocity,  when  the  surface  of  the  stream 
is  level  with  a  fixed  mark  on  a  post  or  stone,  at  from 
ICXJ  to  200  feet  below  the  intended  site  of  the  weir. 
Having  previously  selected  a  place  where  the  stream  is 
regular  in  width  and  inclination,  construct  the  dam  so 
that  the  weir-sill  may  be  equal  to  the  full  breadth  of 
the  channel,  and  square  the  ends  of  the  opening  with 
planking.  Put  a  gauge  at  each  end,  with  the  zero  at 
the  level  of  the  upper  edge  of  the  sill  of  the  overfall, 
which  should  be  from  i  to  5  feet  above  the  fixed  bench- 
mark. 

When  the  water  is  up  to  the  mark,  read  the  height 
on  either  scale  ;  take  their  mean,  and  use  it  as  a  value 
for  H  in  the  weir  formula  before  given  to  obtain  the 
velocity  and  amount  of  discharge.  If  necessary,  obtain 
the  surface  velocity  of  approach  W,  and  make  suitable 
allowance  for  it  as  before  mentioned  under  the  head  of 
weir  discharges  io  Chapter  I.     In  this  case  obO'666. 
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3    Appliances  and  Instruments  for  Velocity 

Measurement. 

There  are  many  cases  when  it  is  not  advisable  to 
construct  a  dam  or  gauge  by  overfalls,  and  also  cases 
where  the  simple  calculation  of  discharge  due  to  the 
hydraulic  slope,  and  the  terms  of  its  cross-section,  does 
not  give  sufficiently  accurate  results.  Under  these  cir- 
cumstances velocity  observations  must  be  made,  and 
other  data  correctly  obtained,  so  as  to  obtain  from  them 
the  required  discharge,  which,  when  divided  by  the  sec- 
tional area,  gives  the  mean  velocity  of  discharge. 

In  all  cases  where  velocity  must  be  observed  it  is 
advisable  to  choose  a  straight  reach  of  channel  having 
a  tolerably  uniform  section  ;  it  is  also  advantageous 
that  the  bank  should  admit  of  the  measurement  of  a 
straight  line  parallel  to  the  general  direction  of  the 
channel,  and  at  right  angles  to  the  line  of  intended  river 
section  of  observation,  to  serve  as  a  base  for  triangula- 
tion,  and  location  of  courses,  and  sections. 

To  obtain  perfect  uniformity  of  channel,  a  flume  or 
timber  lining  to  the  reach  of  well-joined  plank  may  be 
constructed,  giving  about  two  hundred  feet  of  perfectly 
uniform  section  ;  this  gives  the  means  of  accurately 
measuring  the  dimensions  of  the  stream,  the  whole  of 
the  water  of  which  is  forced  to  pass  through  it  by 
means  of  sheet  piling  at  its  upper  entrance.  It  should 
not  produce  any  sensible  disturbance  in  the  flow 
of  the  water,  and  not  interfere  with  the  navigation  or 
passage  of  water.  Velocity  observations  are  then  made 
either  at  the  middle  section  or  on  a  measured  length 
along  the  flume,  at  such  intervals  that  the  variation  of 
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observed  velocity  in  section  shall  never  be  veiy  marked. 
The  summation  of  the  products  of  these  representative 
velocities  by  their  corresponding  portions  of  sectional 
area  gives  the  required  discharge.  A  long  and  accu- 
rately constructed  open  aqueduct  in  perfect  order  answers 
all  the  purposes  of  a  flume. 

Failing  all  such  opportunities,  the  channel  itself 
must  be  employed  in  its  natural  state  ;  in  this  case  the 
effect  of  various  velocities  on  the  bed  and  banks  should 
be  noted  from  time  to  time  during  the  observations. 
Should  any  exact  determination  of  the  water  section  be 
impossible  it  becomes  necessary  to  resort  to  soundings. 
These  may  either  be  taken  by  means  of  a  surveyor's 
I  co-feet  chain,  with  a  suitably  heavy  leaden  weight 
attached  to  one  of  the  handles,  or  with  a  sounding  line. 
The  determination  of  the  position  of  each  sounding 
can  in  narrow  reaches  be  best  made  by  stretching  a 
rope  across,  and  measuring  the  distances  of  the  sound- 
ing points  from  one  bank  along  the  cord.  In  wide 
reaches  where  this  is  impracticable,  the  sounding  points 
have  to  be  fixed  by  angular  observation  and  connected 
with  the  base  line  of  triangulation  at  the  moment  of 
sounding  either  by  an  observer  with  a  theodolite  on  the 
shore,  or  with  a  pocket  sextant  in  a  moored  boat. 

The  fall  of  the  water  surface  at  all  states  of  the 
channel  is  one  of  the  data  generally  required.  To 
determine  this,  a  gauge-post  is  erected,  driven  into  the 
ground  at  each  sounding  section,  and  the  heights  of 
the  water  shown  on  them  continually  recorded  so  as  to 
show  all  variations  of  depth ;  the  connection  of  level 
between  the  two  or  more  gauge-posts  is  made  by  levelling 
either  from  one  post  to  the  other,  or  from  both  to  a 
fixed  bench-mark.     In  many  cases  the  fall  of  the  water 
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surface  is  so  slight  that  the  ordinary  level  and  staves 
cannot  give  sufficiently  exact  results ;  instruments  of 
greater  precision  must  then  be  used. 

An  ordinar)'  gauge-post  may  also  be  too  coarse  for 
indicating  the  slight  variation  of  the  water  surface  during 
the  period  of  gauging  ;  in  that  case  a  superior  appliance, 
a  hook-gauge  or  a  tube-gauge,  is  necessary. 

Boydetis  hook-gatige, — It  is  well  known  that  the  capil- 
lary attraction  of  water  about  any  simple  rod-gauge  for 
determining  water  level  will  falsify  readings.  To  obviate 
that  defect  this  gauge  has  a  hook  at  its  lower  end,  which 
can  be  raised  or  lowered  by  turning  a  screw  ;  when  the 
point  of  the  hook  is  even  a  thousandth  part  of  a  foot 
above  the  water  surface,  the  water  around  it  is  sensibly 
elevated  by  the  capillary  attraction,  and  obviously 
distorts  the  reflection  of  light  from  the  surface ;  when 
the  hook  is  lowered  just  sufficiently  to  cause  this  distor- 
tion to  disappear,  the  point  of  the  hook  must  coincide 
with  the  water  surface  ;  a  true  reading,  exact  within  coo  I 
of  a  foot,  can  then  be  read,  by  means  of  a  vernier  attached 
to  the  rod  of  this  gauge  which  is  graduated  to  hundredths 
of  a  foot  As  this  instrument  can  only  be  effectively 
used  in  still  water,  it  is  held  in  a  box,  the  inclosed  water 
communicating  with  the  external  water  only  by  means 
of  a  hole  ;  or,  if  the  depth  at  some  distance  off  is  the 
object,  by  a  pipe  leading  from  that  place  to  the  hole  in 
the  box  ;  any  oscillation  of  the  water  surface  in  the  box 
may  then  be  diminished  or  nearly  removed  by  partially 
obstructing  the  hole  or  communication  at  will.  Should 
perfect  rest  not  be  attainable,  a  good  mean  position  of 
the  point  of  the  hook  may  be  obtained  by  adjusting  it  to 
a  height  at  which  it  will  be  visible  above  the  water  sur- 
face for  half  the  time.     It  is  convenient  to  have  also  a 
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hook  made  with  a  small  scmispherical  knob  on  it,  so  that 
a  level-staff  can  then  be  held  on  it  for  taking  a  sight  with 
an  instrument 

BazifCs  tube-gmige  is,  unfortunately,  not  described 
in  sufficient  detail,  nor  are  drawings  of  it  given  in  his 
*  Recherches  Hydrauliques.*  It  seems,  however,  to  have 
been  a  glass  tube  having  a  mouthpiece  of  only  a  milli  - 
mitre  in  diameter,  and  that  it  enabled  variations  of 
water  level  of  one  millimetre  to  be  easily  read  ;  it  is 
hence  extremely  probable  that  it  resembled  in  some 
respects  the  velocity  gauge-tube  of  d*Arcy,  used  for 
taking  velocity  measurements,  hereafter  described.  It 
is,  in  fact,  evident  that  an  instrument  on  this  latter 
principle,  capable  of  indicating  variations  of  velocity 
with  precision,  would  also  indicate  with  exactness  the 
moment  of  the  withdrawal  from,  or  submersion  of  its 
mouthpiece  in,  the  water,  and  that  this  motion  could  be 
easily  manipulated  with  a  clamping  and  a  tangent  screw. 

The  following  are  the  different  instruments  and  ap- 
pliances for  measuring  velocity  ;  but  most  if  not  all  of 
these  involve  the  application  of  a  special  coefficient  of 
reduction  due  to  the  particular  appliance,  in  order  to 
obtain  the  actual  velocity  of  the  water  in  feet  per 
second. 

1.  Surface  floats, — Surface  velocity  may  be  very 
simply  measured  by  observing  the  time  of  transit  over  a 
knowa  distance  or  length  of  a  reach  of  a  river,  of  any 
light  floating  body,  a  wafer,  a  ball  of  wood  or  cork, 
or  a  partly  filled  bottle.  This  method  is  coarse,  and 
fallacious  ;  a  later  float  may  outrun  an  earlier  one,  when 
there  is  much  local  variation  of  velocity. 

2.  Loaded  rods  and  tubes, — Mean  verticalic  velocity, 
being  the  mean  velocity  past  any  vertical  axis,  or  the 
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mean  of  all  the  velocities  from  water  surface  to  the 
bottom  under  any  point  in  a  vertical  plane,  is  measured 
by  a  loaded  wooden  rod  or  hollow  tube  placed  vertically, 
having  a  length  nearly  equal  to  the  depth  of  the 
channel.  The  time  of  transit  of  such  a  rod  will  then 
give  approximately  the  mean  velocity  of  the  vertical 
plane  of  the  water  in  which  it  moves.  These  tubes  are 
generally  weighted  inside  and  capped,  as  the  painted 
metal  tubes  of  the  Lowell  experiments  hereafter  men- 
tioned, thus  obviating  the  necessity  of  attaching  weights. 

The  loaded  tubes  and  rods  used  in  the  velocity 
observations  on  the  Ganges  Canal  by  Captain  Cunning- 
ham will  be  described  hereafter  in  Section  ii  of  this 
chapter,  which  is  devoted  to  those  experiments. 

Another  recognised  mode  of  observing  mean  verticalic 
velocity  consists  in  lowering  from  the  surface  to  the 
bottom,  and  raising  again  to  the  surface  any  accumula- 
tive self-recording  current  meter.  This  is  an  operation 
requiring  extreme  care ;  the  meter  must  be  sufficiently 
weighted,  and,  if  necessary,  also  managed  by  a  cord  from 
an  additional  boat  moored  up  stream  so  as  to  ensure  its 
moving  vertically  up  and  down  ;  the  lowering  and  raising 
of  the  meter  must  also  be  evenly  and  steadily  managed, 
so  that  the  results  may  not  be  falsified. 

3.  Floated  frames, — Mean  sectional  velocity  can  be 
approximately  obtained  in  small  streams  and  canals  at 
one  operation  only  by  making  a  light  covered  framework 
nearly  the  size  of  the  whole  cross-section  of  the  stream, 
and  so  arranging  it  by  floats  and  weights  that  it  will 
assume  a  vertical  position  at  right  angles  to  the  thread 
of  the  current ;  its  time  of  transit  can  then  be  noted, 
and  this  will  be  the  approximate  mean  velocity  of  the 
section. 
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4.  Double  floats, — These  are  used  for  sub-surface 
velocities. 

A  weighted  float,  consisting  of  ball,  or  cube  of  wood, 
or  hollow  tin  weighted  with  lead,  is  sunk  to  the  required 
depth,  being  attached  by  a  cord  or  thread  to  a  small 
upper  float  on  the  surface  of  the  water ;  the  upper  float 
being  made  of  cork,  light  wood,  or  hollow  tin,  carrying  a 
vertical  stick,  or  wire,  for  convenience  of  observation,  and 
the  length  of  cord  being  so  adjusted  as  to  prevent  the 
weighted  float  from  sinking  lower  than  the  depth  at 
which  the  current  velocity  is  required.  The  time  of 
transit  of  this  double  float,  over  a  measured  or  a  calcu- 
lated distance,  is  observed,  and  is  supposed  to  represent 
the  velocity  of  the  stream  at  that  depth,  independently 
of  any  coefficient  of  reduction. 

Another  form  of  double  float  is  a  pair  of  equal  hollow 
balls  connected  or  linked  together,  the  upper  one  on  the 
surface,  and  the  lower  one  weighted  sufficiently  to  keep 
it  at  the  certain  depth ;  the  velocity  of  this  double 
float,  as  observed  on  a  measured  distance,  is  supposed 
to  be  that  of  the  current  at  half  the  depth  of  the 
lower  ball. 

The  double-floats  invariably  used  in  the  Mississippi 
Survey  were  kegs  without  top  or  bottom,  ballasted  with 
strips  of  lead,  so  as  to  sink  and  remain  upright ;  they 
were  9  inches  in  height,  and  6  inches  in  diameter ;  the 
surface  floats,  when  of  light  pine,  5*5  x  55  x  •$  inches, 
when  of  tin,  ellipsoids,  axes  5*5  and  I'S  inches,  the  cord 
one-tenth  of  an  inch  in  diameter  ;  for  observations  more 
than  S  feet  below  the  surface,  the  kegs  were  12  inches 
high  by  8  inches  in  diameter,  and  the  cord  nearly 
two-tenths  of  an  inch.  It  was  believed  that  neither 
the  weight  of  the  surface  float  nor  the  force  of  the 
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wind  directly  affected  their  velocities  to  any  appreciable 
amount 

5.  Instruments  of  angular  measurement. — A  quad- 
rant having  a  graduated  arc  has  a  string  attached  to 
its  centre,  and  a  ball  attached  to  the  string,  which  is 
immersed  in  the  stream.  The  current  moving  the  ball 
produces  an  angular  change  from  verticality  in  the  posi- 
tion of  the  string  ;  the  velocity  is  then  equal  to  the 
square  root  of  the  tangent  of  this  angle  multiplied  by  a 
coefficient,  which  is  constant  for  the  same  ball  only. 

6.  The  tension  balance. — A  ball  is  immersed  in  the 
stream  and  attached  by  a  wire  to  a  balance,  which 
registers  the  amount  of  pull.  Another  very  similar 
method  requires  a  small  plate  instead  of  a  ball,  which 
is  connected  with  the  balance,  and  which  is  directly 
opposed  to  the  current. 

The  tachometer  of  Briinings  is  the  best  known  in- 
strument of  this  type.  It  consists  of  a  plate  fixed  at 
one  end  of  a  horizontal  stem,  which  moves  in  the  socket 
of  a  vertical  bar,  by  means  of  which  the  instrument  either 
rests  on  the  bottom  of  the  channel  or  is  suspended  front 
above.  A  cord  of  fixed  length  is  fastened  to  the  other 
end  of  the  stem,  and,  passing  under  a  pulley,  is  attached 
to  the  short  arm  of  a  balance,  on  whose  other  arm  a 
weight  is  suspended,  being  placed  in  such  a  position  that 
the  equilibrium  is  established  with  regard  to  the  force  of 
the  current  under  observation.  The  position  of  the 
weight  on  the  graduated  arm  of  the  balance  indicates 
the  velocity  observed. 

7.  The  rotary  screw. — A  light  metal  screw,  similar 
to  that  of  a  ship's  patent  log,  will,  when  submerged 
in  a  current,  rotate  at  a  velocity  approximate  to  that 
of  the  water  in  which  it  is  placed.      If  on  the  axle 
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of  the  screw  a  thread  is  set  turning  one  or  more  worm- 
wheels,  the  number  of  revolutions  of  the  worm-wheel 
will  indicate  the  approximate  velocity  of  the  water,  from 
which,  by  applying  a  coefficient  of  reduction  applicable 
to  the  particular  instrument,  thus  including  all  allow- 
ances for  friction  and  other  causes,  the  true  velocity  of 
the  current  may  be  obtained.  There  are  several  current 
meters  of  this  type :  Saxton*s,  Brewster's,  and  R^vy's, 
hereafter  described,  are  all  modifications  of  this  form. 
Some  of  these  instruments  are  not  suited  to  great  depths 
and  high  velocities  ;  others  are  made  self-recording  in 
such  a  way  as  to  make  allowance  in  the  indicated 
number  of  revolutions  for  the  loss  of  velocity  by  friction  ; 
the  latter  is  a  great  disadvantage,  as  it  is  always  practi- 
cally necessary  to  test  each  particular  instrument,  and 
make  use  of  a  coefficient,  however  small  it  may  be,  in 
order  to  obtain  accurate  results. 

The  earliest  now  known  instrument  of  this  type  is 
the  hydrometric  mill  of  Woltmann,  used  by  him  in  1790. 
The  wings  on  its  axle  resembled  those  of  a  windmill,  and 
were  square  copper  plates,  set  at  an  angle  of  45**,  having 
their  sides  082  feet  and  their  centres  at  '164  feet  from 
the  axis  of  rotation  ;  for  small  velocities  the  size  and 
distance  of  the  wings  was  doubled.  In  great  depths 
this  instrument  was  attached  to  a  bar  and  lowered  from 
a  platform  between  two  boats,  and  the  instrument  put 
in  gear  or  out  of  gear  by  means  of  a  cord  at  any  depth. 
This  type  of  current  meter,  from  its  convenience  of  use 
in  observing  velocity  at  any  depth,  has  been  re-invented 
many  times. 

On  the  gauging  of  the  Parang  and  La  Plata,  by  Mr. 
R^vy,  the  screw  current  meter,  with  some  alterations 
and  improvements  made  by  him,  was  invariably  adopted. 
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For  ordinary  currents  the  screw  used  by  Mr.  Rcvy 
consisted  of  two  long  thin  blades  of  German  silver,  having 
a  diameter  of  6  inches,  and  a  pitch  of  9  inches  ;  the 
thread  of  its  axis  worked  on  two  worm-wheels  of  3  inches 
in  diameter,  one  wheel  having  200,  and  the  other  201 
teeth  ;  each  revolution  of  the  screw  moved  the  first 
wheel  one  tooth  onwards,  the  second  wheel  moving  one 
tooth  onwards  for  each  complete  revolution  of  the  first 
wheel ;  this  allowed  of  the  continuous  reading  of  40,000 
revolutions ;  the  two  worm-wheels  had  graduated  divi- 
sions around  their  circumferences,  corresponding  to  the 
teeth  in  number  and  position,  which  were  read  off  at  an 
index  through  a  glass  plate  covering  them.  A  nut  was 
also  used  for  clearing  the  worm-wheels  from  the  thread 
of  the  axle  of  the  screw,  by  means  of  which  the  instru- 
ment was  either  put  in  gear  or  out  of  gear  by  hand  ;  a 
wire  attached  also  enabled  this  to  be  done  from  above 
when  the  instrument  was  at  any  depth. 

For  strong  currents,  the  screw-blades  were  shorter 
and  stronger,  and  made  of  steel.  Some  of  the  screws 
used  were  only  4  inches  in  diameter.  The  divisions  on 
the  circumferences  of  the  wheels  were  found  to  be  too 
near  for  convenient  reading ;  100  and  loi  divisions 
would  have  been  preferred  to  the  existing  arrangement 
of  200  and  201. 

These  meters  were  generally  used  for  observing 
velocities  of  more  than  10  feet  per  minute,  their  corrected 
results  being  absolutely  correct  within  i  inch  per  minute 
of  velocity.  They  required  extreme  care  and  continual 
watching :  the  slightest  bend  or  damage  to  a  screw- 
blade,  or  any  clogging  or  accidental  tightening  of  a  screw 
being  liable  to  vitiate  results. 

When  in  good  order,  exposure  to  a  gentle  breeze  is 
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sufficient  to  keep  the  instrument  revolving ; — failing 
this,  cleaning  and  oiling,  or  readjusting  carefully,  is 
absolutely  necessary.  In  order  to  keep  a  check  on  the 
observations,  a  second  current  meter  should  always  be 
at  hand. 

The  principal  advantage  of  current  meters  of  this 
description  is  the  convenience  with  which  they  can  be 
worked,  and  their  unvarying  utility  in  observations  at 
any  depth  of  water. 

8.  The  differential  tube, — Pitot's  tube  is  a  glass  tube 
bent  at  the  lower  end  ;  it  is  sunk  to  the  required  depth, 
and  its  lower  orifice  directed  against  the  current :  the 
velocity  is  deduced  from  the  difference  of  water-level  in 
this  tuoe  and  that  in  another  free  from  the  effect  of  the 
current.  The  first  improvement  of  this  instrument  is 
that  of  Dubuat,  who  gave  the  orifice  of  the  tube  a  funnel 
shape,  and  closed  it  by  a  plate  pierced  with  a  small  hole, 
thus  considerably  reducing  the  objectionable  oscillations 
of  the  water  in  the  tube.  The  next  is  by  Mallet,  who 
terminated  the  horizontal  branch  of  the  tube  by  a  cone, 
having  an  opening  of  2  millimetres,  and  made  the  tube 
itself  of  iron  with  a  diameter  of  4  centimetres  ;  he  also 
introduced  a  float  and  stem  which,  elevated  by  the  force 
of  the  current,  indicated  heights  on  a  graduated  scale. 
The  last  improvement  was  that  of  d'Arcy,  hereafter 
described. 

In  the  experiments  of  d'Arcy  and  Bazin,  on  the 
Rigoles  of  Chazilly  and  Grosbois,  the  gauge-tube  of 
d'Arcy,  a  development  of  the  tube  of  Pitot,  was  gene- 
rally used  for  taking  velocity  observations. 

Pitot's  tube,  used  in  1732,  demonstrated  the  principle 
that  the  difference  of  water-level,  A,  shown  by  the  two 
tubes,  one  vertical  and  the  other  curved,  and  directed 
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against  the  current,  was  that  due  to  the  velocity,  and 
that  the  latter  could  be  obtained  from  the  former,  by 
making  use  of  the  formula  V^^^gK 

The  error  in  this  was  caused  by  the  fact  that  the 
water  in  a  vertical  tube  immersed  in  a  current  stands 
lower  than  the  water  surface  outside ;  the  difTerence 
being  a  quantity  dependent  on  the  square  of  the  velo- 
city immediately  below  the  orifice.  In  addition  to  this 
Pitot's  tubes  had  a  serious  disadvantage  in  that  the 
oscillation  of  the  water  within  the  tubes,  whose  orifices 
were  of  the  same  diameter  as  the  tubes  themselves,  did 
not  allow  the  difference  of  level  to  be  correctly  observed. 

These  objections  are  entirely  removed  in  the  im- 
proved tube .  of  d'Arcy,  which  has  an  orifice  1*5  milli- 
metres in  diameter  for  a  tube  one  centimitre  in  diameter ; 
in  addition  to  this  the  lower  portions  of  the  tube  to 
which  the  orifices  are  attached  have  a  small  diameter, 
and  are  made  of  copper:  besides  this,  two  cocks  are 
introduced  which  add  greatly  to  convenience  of  manipu- 
lation. The  lower  cock,  which  can  be  worked  by  a  wire 
and  lever,  enables  the  orifices  to  be  opened  or  closed  at 
any  moment  from  above,  and  thus  allows  the  difference 
of  water-levels  of  the  tubes  to  be  read  off  at  leisure, 
after  withdrawing  the  instrument  from  the  water.  The 
upper  cock,  after  the  water  in  the  tubes  is  drawn  up  by 
the  breath  at  an  upper  orifice,  shuts  off  the  air,  and 
enables  the  difference  of  water-level  in  the  tubes,  which 
is  not  affected  by  dilatation  or  compression  of  the 
atmosphere,  to  be  read  off  above  against  a  scale. 

This  gauge-tube  is  described  in  *  Les  Fontaines  Pub- 
liques  dela  Ville  de  Dijon,  1856,*  and  drawings  of  it  are 
given  in  the  *  Recherches  Hydrauliques  '  of  d'Arcy  and 
Bazin,  1865. 
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In  the  latter  the  vertical  glass  tubes  are  1*25  m.  long, 
the  two  small  copper  tubes  below  them  being  inclosed 
in  a  copper  casing,  077  m.  long,  o*o6  m.  broad,  and 
O'Oii  m.  thick,  terminating  in  a  sharp  wedge-shaped 
point  to  reduce  the  effect  of  the  perturbation  of  the  cur- 
rent The  tubes  themselves  are  affixed  to  an  upright  of 
light  boxwood,  which  is  graduated  and  supplied  with  a 
vernier ;  the  whole  instrument  being  attached  to  an  iron 
standard  on  which  it  slides,  and  to  which  it  can  be  fixed 
by  screws  at  any  height ;  a  handle  turning  the  instru- 
ment directs  the  orifices  in  any  required  direction  ;  and 
an  additional  movable  wooden  arm  is  used  to  enable 
the  instrument  to  rest  by  means  of  it  on  any  crossbeam 
or  timber  from  which  the  observations  are  being  taken. 

In  taking  an  observation  with  the  instrument  it  is 
usual  to  take  a  mean  of  three  maxima  and  minima. 

The  following  is  the  theory  of  the  determination  of 
the  coeflficient  of  reduction  /x  in  the  formula  V=fiV2gh 
for  any  instrument. 

If  a  single  curved  Pitot  tube  be  placed  in  a  current, 

first,  with  its  orifice  directed  against  it,  and  recording  a 

height  h\  above   the  natural  water  surface ;  secondly, 

when  directed  with  it,  and  recording  a  loss  of  level,  h'\ 

below  that  of  the  natural  water  surface ;  and  thirdly, 

when  directed  at  right  angles  to  the  current,  recording  a 

loss  of  level  h'^\  then — 

ira  TTj  TTs 

2g  '  2g  '  2g 

and  hence — 


I40         ON  FIELD   OPERATIONS  AND  GAUGING,   chap.  Tt. 

and  finding  from  tables  the  values  of  velocities  V  and 
V  corresponding  to  the  heights  h^-^-h"  and  h'  +  h'" ;  the 
above  equations  become — 

r=fiV  ;  and  F=/F' ; 
hence  there  is  a  constant  relation  between  the  theoretic 

height  —  due  to  the  velocity  of  the  fillet  under  con- 
fix 
sideration,  and  the  quantities  h\  W\  K" ;  and  the  coeflfi- 

cient  of  reduction  can  therefore  be  obtained  for  any  sort 
or  form  of  orifice  by  means  of  a  few  experiments  ;  also, 
when  once  the  coefficient  of  reduction  for  the  instrument 
is  determined,  it  is  unnecessary  while  observing  veloci- 
ties to  make  further  use  of  the  level  of  the  water,  in 
which  the  instrument  is  plunged. 

9.  GrandHs  Box, — A  box,  having  a  small  hole  in  the 
side  towards  the  current,  is  sunk  to  a  certain  depth  and 
withdrawn  after  a  certain  time  ;  the  amount  of  water  in 
the  box  indicates  the  velocity  at  that  depth. 

10.  BoikatCs  Air-Float, — A  glass  tube  of  fixed  length 
is  immersed  in  a  position  parallel  to  the  current ;  the 
upper  end  of  the  tube  has  a  conical  mouthpiece  fitted  to 
it  of  any  convenient  size ;  the  velocity  of  passage  of  a 
globule  of  air  through  the  tube  indicates  the  velocity  of 
the  current. 

11.  JacksofCs  Current-meter. — This  instrument,  de- 
signed by  the  author  in  Berar  in  1870,  is  a  spring  indi- 
cator, or  an  adaptation  of  the  principle  of  the  spring- 
balance  or  weighing  machine  to  measuring  a  sub-surface 
velocity  at  any  point  excepting  at  the  exact  surface  or 
at  the  perimeter :  it  admits  of  convenient  testing  and 
verification  by  direct  application  of  weights. 

12.  De  Perrodits  Torsion  Current-meter, — The  prin- 
ciple of  this   instrument  is  the  estimation  of  current 
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effect  on  the  twisting  of  a  wire :  it  reads  to  minute  frac- 
tions of  a  foot  per  second 

Some  of  these  modes  of  measuring  velocity  have  for 
the  present  practically  fallen  into  disuse,  on  account  of 
the  very  limited  range  of  their  applicability ;  others,  on 
the  contrary,  have  been  severally  adopted  by  various 
hydraulicians  in  modern  times,  to  the  entire  exclusion  of 
the  rest.  It  may  be  noticed  more  especially  that  some 
of  them  merely  afford  a  mean  of  a  velocity  varying 
throughout  an  extended  time,  and  from  this  cause  falsify 
any  deduced  velocity  for  any  special  moment  of  time ; 
others  are  inconvenient  to  manipulate,  and  a  few  yield 
inaccurate  results  whatever  coefficient  of  reduction  may 
be  applied  to  the  special  instrument.  The  accounts  of 
gauging  operations  given  in  the  following  sections  of  this 
chapter  illustrate  the  use  of  some  of  these  appliances. 

4.  Gauging  Channels  by  means  of  Surface 

Velocities  only. 

The  experiments  of  Messrs.  Baldwin  and  Whistler 
on  discharges  of  canals  of  rectangular  section  are  worthy 
of  notice.  They  obtained  discharges  on  the  canals  by 
means  of  surface  velocities  and  flume  measurement,  and 
simultaneously  gauged  the  actual  discharges  by  gauge 
wheels,  with  the  view  of  determining  practically  the  rela- 
tion between  surface  velocity  and  mean  velocity,  for  chan- 
nels of  a  certain  size  conveying  water  at  certain  velocities. 

In  one  case  the  flume  was  2722  feet  wide,  with  depths 
of  water  from  7'52  to  8*  14  feet,  having  surface  velocities 
from  3'07  to  3*34  feet  per  second  ;  the  observations  de- 
duced a  mean  coefficient  of  velocity  '857,  the  extremes 
being  '838  and  -856.  In  the  other  case,  the  flume  was 
29*94  feet  wide,  with  depthr,  of  water  from  767  to  8*85 
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feet,  having  surface  velocities  from  vg\  to  277  feet  per 
second ;  the  observations  deduced  a  mean  coefficient 
for  the  surface  velocity  of  '814,  the  extremes  being  797 
and  •846. 

In  other  cases,  the  data  of  which  are  not  forthcoming, 
the  coefficients  of  surface  velocity  were  '835,  '830,  'Sio  ; 
and  taking  '829  as  the  mean  of  the  five  results,  it  can  be 
favourably  compared  with  De  Prony's  coefficient  '816, 
obtained  from  experiments  on  wooden  troughs  18  inches 
wide,  having  depths  of  water  from  2  to  10  inches,  and 
velocities  varying  from  S*  to  4*25  feet  per  second. 
Another  point  which  Messrs.  Baldwin  and  De  Prony 
agreed  in  determining  was  that  their  coefficients  should 
be  slightly  reduced  for  lower  velocities  and  increased 
for  higher.  The  result  is  that  the  proportion  between 
the  surface  velocity  and  the  mean  velocity  of  discharge 
for  rectangular  channels  in  plank,  and  within  certain 
limits  of  velocity  and  proportions  of  cross-section,  may 
be  said  for  practical  purposes  to  lie  between  '8  and  '85. 
Under  similar  local  conditions,  therefore,  the  discharge 
of  a  canal  of  rectangular  section  can  be  rapidly  obtained 
by  a  few  surface  velocity  observations,  the  inclination 
of  the  water  surface,  and  the  measurement  of  its  section. 
Recent  experiments,  however,  show  that  the  above  law 
of  velocity  does  not  hold  generally  ;  hence  this  mode  of 
gauging  does  not  admit  of  extensive  application. 

5.    Gauging  Canals  with  loaded  tubes;  by 

Francis. 

Under  the  then  existing  arrangements  at  Lowell,  a 
daily  account  was  usually  kept  of  the  excess  of  water,  if 
any,  drawn  by  each  manufacturing  company  over  and 
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above  the  quantity  it  was  entitled  to  under  its  lease.  In 
ordinary  times,  occasional  measurements  were  suffi- 
cient ;  but  when  water  was  deficient,  frequent  measure- 
ments were  made.  In  the  latter  case,  the  following 
was  the  usual  course  of  proceeding  :  — 

A  gauging  party,  consisting  of  one  or  more  engineers 
with  assistants,  was  assigned  to  each  flume  where  measure- 
ment is  necessar}' ;  and  arrangements  were  so  made  that  the 
observations  for  a  single  gauging  occupied  about  an  hour, 
the  intervals  during  the  day  being  occupied  in  working 
out  the  results,  which  were  immediately  communicated  to 
the  manufacturers,  so  that  the  machinery  might  be  ad- 
justed to  the  amount  of  water  they  were  entitled  to  draw. 

The  following  are  the  dimensions  of  the  measuring 
flumes  used,  and  the  quantities  of  water  usually  gauged 
in  them  ;  the  depth  of  water  in  the  flume  generally  vary- 
ing from  6  feet  to  10  feet 

Merrimac  100'  long  by  So*  wide,  1 500  cub.  ft.  per  sec. 

Appleton  150  50  1800      ,,  ,, 

Lowell,  M.  C.  150  30  500      „  ,, 

Middlesex         150  20  200      ,,  ,, 

Prescott  180  66  2000      „  „ 

Boott  100  42  800      „  „ 

The  loaded  tubes  used  were  cylinders  2  inches  in 
diameter  made  of  tinned  plates  soldered  together,  with  a 
piece  of  lead  of  the  same  diameter  soldered  to  the  lower 
end,  having  sufficient  weight  to  sink  the  tube  nearly  to 
the  required  depth,  thus  leaving  generally  about  4  inches 
above  the  water  surface.  A  red-paint  mark  was  made 
to  show  the  amount  of  immersion  required,  leaving  a 
space  between  the  bottom  of  the  tube  and  the  bottom  of 
the  canal  of  i  foot.  The  tubes  were  of  thirty-three  dif- 
ferent lengths,  varying  from  6  to  10  feet ;  six  of  each 
length  were  provided  for  this  purpose. 
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In  order  to  adjust  the  tube  precisely,  it  was  placed  in 
a  tank  made  for  the  purpose,  and  small  pieces  of  lead  were 
dropped  into  the  top  of  the  tube,  and  rested  on  the  mass 
of  soldered  lead,  and  more  were  added  until  the  tube 
was  sunk  to  the  required  depth,  when  the  orifice  at  the 
top  was  closed  by  a  cork.  The  tubes  were  allowed  to 
remain  floating  for  some  time  in  the  tank  in  order  to 
discover  any  leak.  If  they  leaked,  they  were  taken  out 
and  filled  with  water  to  discover  the  position  of  the  leak, 
when  the  leak  was  soldered  and  the  tube  adjusted  again. 
The  centres  of  gravity  of  the  tubes  adjusted  were  178 
to  rpo  feet  from  their  bottom  ends  ;  and  thus  being 
low,  the  tubes  had  a  strong  tendency  to  remain  vertical 

The  tubes  were  put  into  the  water  by  an  assistant 
standing  on  a  bridge  below  the  upper  end  of  the  flume, 
a  thing  requiring  a  little  practice  to  do  well  ;  he  stood 
with  his  face  up-stream,  with  the  tube  in  hand,  the 
loaded  end  directed  downwards,  but  slightly  up-stream, 
holding  it  at  an  angle  with  the  horizon,  greater  or  less, 
depending  upon  the  velocity  of  the  current.  At  a  signal 
he  pushed  the  tube  rapidly  into  the  water  at  the  angle 
at  which  he  previously  held  it,  until  the  painted  mark 
near  the  upper  end  of  the  tube  reached  the  surface  of  the 
water  ;  he  retained  his  hold  of  the  upper  end  of  the  tube 
until  the  current  brought  it  to  a  vertical  position,  when 
he  abandoned  it  to  the  current 

There  were  three  transit  timbers  placed  across  the 
flume,  the  middle  one  equidistant  from  the  other  two, 
their  up-stream  edges  vertical,  and  distinctly  graduated 
in  feet  from  left  to  right.  An  assistant  stood  at  each 
transit  timber  to  note  the  transits,  and  the  assistant  at 
the  middle  transit  timber  observed  the  depth  of  water 
in  the  flume  at  each  transit  in  a  box  close  to  him  between 
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the  lining  planks  and  the  wall  of  the  canal,  which  com- 
municated with  the  flume  by  a  pipe  about  4  feet  above  the 
bottom.  The  box  contained  a  graduated  scale,  divided 
to  hundredths  of  a  foot,  the  zero  point  being  at  the  mean 
elevation  of  the  bottom  part  of  the  flume  between  the 
upper  and  lower  transit  timbers.  The  bottom  of  the 
flume  wais  very  nearly  horizontal ;  the  elevations  to  ob- 
tain the  mean  were  taken  at  32  points,  giving  an  extreme 
difference  observed  of  '027  feet  in  one  case.  The  course 
of  the  tube,  denoted  by  the  distance  in  feet  from  the  left 
side  of  the  flume  when  the  tube  passes  the  transit 
timbers,  was  also  observed  and  called  out  by  the  assis- 
tants ;  the  mean  course  being  obtained  by  adding  the 
distances  at  the  upper  and  lower  transit  timbers  to  twice 
that  at  the  middle,  and  dividing  the  result  by  four  for  a 
mean  distance. 

The  usual  method  of  observing  the  transits  was  by 
means  of  an  assistant  carrying  a  stop-watch  beating 
quarter-seconds,  who  walked  down  and  recorded  every 
transit  himself;  but  when  greater  exactness  was  re- 
quired, an  electric  telegraph  made  for  the  purpose  was 
used,  by  which  the  transit  observers  communicated 
transits  to  a  seated  observer  from  their  stations,  the 
times  of  signals  being  noted  by  him  to  tenths  of  seconds 
according  to  a  marine  chronometer  placed  before  him 
beating  half-seconds : — an  assistant  was  also  required  to 
carry  back  the  tubes  to  the  up-stream  station.  In  the 
usual  method  before  stated,  a  party  of  Ave  was  sufficient 
for  all  purposes.  The  observations  were  made  at  dis- 
tances apart  about  1*5  feet  in  the  cross-section,  as  ma/ 
be  seen  in  the  following  gauge  record  for  one  set  of  ob- 
servations ;  the  mean  velocities  of  the  tubes  for  these  mean 
distances  were  calculated  and  plotted  on  a  diagram  of 

L 
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Gauge  record  of  the  quantity  of  water  passing  the  Boott  measurmg 
flunu^  May  17,  i860,  between  10-30  andir^o  K.U.  Length 
between  transit  timbers^  10  feet ;  breadth  of  fiume^  41*76 
feet ;  length  of  immersed  part  of  tube^  %'\feet. 
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section  paper  having  the  mean  widths  in  feet  of  the 
flume  scaled  on  one  side,  and  the  other  calculated  velo- 
cities for  those  widths  scaled  on  the  other  :  a  curve  join- 
ing these  points  was  then  drawn  on  the  diagram,  from 
which  the  mean  velocity  for  each  foot  in  width  of  the 
flume  was  scaled  ofl*  and  entered  in  the  record  ;  from 
these  the  mean  velocity  due  to  the  total  width  was 
obtained.  In  this  case  it  was  2*4311  feet  per  second  ; 
and  since  the  mean  section  of  waterway  between  the 
upper  and  lower  transit  timbers  was  =  41*76  x  8*5294 
=  356*188  square  feet,  the  approximate  discharge 
=  2*4311  X  356*188 -865*929  cubic  feet  per  second. 

To  obtain  the  true  discharge  from  this  approximate 
result,  an  empirical  factor,  depending  on  the  difference 
{d)  between  the  depth  of  water  in  the  flume,  and  the 
depth  to  which  the  tube  was  immersed,  divided  by  the 
depth  of  water  in  the  flume,  was  applied  :  the  expression 
of  correction  being  1—0*116  (d*— 0*1).  The  value  of 
this  expression  for  various  values  of  d  is  given  in  the 
table  following  at  p.  148. 

In  this  case  d,  the  quantity  before  mentioned, 

^8*5294-8*4000^^.^^^ 
8*5294 

and  hence  the  true  discharge 

Q=r865*929  x  1 1-0*116  ( y/WoiE^-l)  \  =86359. 

Remarks, — These  observations  were  made  in  a  flume 
placed  below  a  quarter  bend  in  the  canal,  which  caused 
the  velocity  to  be  much  greater  on  one  side  than  the 
other.  To  obviate  this,  an  oblique  obstruction  was 
placed  near  the  lower  end  of  the  bend,  which  removed 

L2 
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Te^U  of  correttion for  Diitharges  obtained  from  T^ibt  VdecUyak- 
strvatiaru,  being  valua  of  the  expression  X—d-Wi  (d*— 0*1) 
for  different  Vaiues  of^  {from  the  LeweU  Esperimenis^ 
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■98135 

■088 

■97719 

■009  i-ooofo 

■029 

■99'8S 

'049 

-98593 

■069 

98113 

-089 

■97699 

■010  1  00000 

■030 

■99151 

050 

■98566 

■070 

■98091 

■090 

■97680 

■Oil     -99943 

■Oil 

■99118 

■051 

■98540 

■071 

■98069 

■OBI 

■9766. 

■012     -99889 

032 

■99085 

'052 

■9S51S 

072 

-98047 

'082 

■9764« 

■W3     ■99837 

033 

■99053 

■D63 

■9S4S9 

■073 

■98026 

•033 

■976*2 

■o«   -99787 

■034 

99011 

■064 

■98464 

'074 

■98004 

'094 

■97604 

•OIB      99739 

■036 

■98990 

'066 

-98440 

■076 

■97983 

■096 

■975*5 

•016     ■99693 

■036 

■98959 

■066 

■984'S 

■076 

-97962 

096 

■97S66 

■017     -99648 

■037 

■98929 

■067 

■9839' 

■077 

■9794" 

■097 

■97547 

■0«     99604 

-038 

■98899 

■ose 

■98366 

'078 

■979*0 

■098 

■97S'9 

■OS     -9956' 

■039 

■98869 

-Q5S 

■98342 

'079 

■97900 

•099 
■100 

■97510 
■9749a 
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all  the  trouble  in  measurement  due  to  the  original  irre- 
gularity ;  the  other  remaining  irregularities  may  be  seen 
by  plotting  a  diagram  of  the  velocities.  It  is  hence 
advisable  in  all  cases  to  equalise  the  velocities  on  each 
side  of  the  axis,  should  they  require  it 

In  gauging  a  branch  canal  it  is  best  to  put  the 
flume  in  it  near  its  off-take  from  the  main  canal,  with 
its  axis  nearly  parallel  to  that  of  the  branch  canal.  Its 
section  may  be  determined  by  roughly  calculating  the 
expected  discharge,  and  making  it  so  as  to  suit  a  velocity 
of  from  I  to  3  feet  per  second  ;  its  length  should  not  be 
less  than  50  feet,  allowing  20  feet  above  the  upper  transit 
timber  to  enable  tubes  to  attain  the  same  velocity  as  the 
water,  and  5  feet  below  the  lower  timber,  the  transit 
course  of  25  feet,  run  over  in  7i  or  10  seconds,  can  be 
then  noticed  by  a  practised  observer  with  a  quarter- 
second  stop-watch. 

In  gauging  rivers  by  means  of  loaded  tubes,  flumes 
are  dispensed  with,  and  marked  cords  may  be  substituted 
for  the  graduated  transit  timbers,  being  supported  from 
the  bottom  if  necessary,  so  as  to  be  always  visible  ;  in 
large  rivers  triangulation  observations  are  necessary. 
The  reach  should  be  50  to  100  feet  long,  and  the  bottom 
irregularities  may  be  removed  or  filled  in  to  a  certain 
extent  beforehand,  so  as  not  to  interfere  with  the  poles, 
which  should,  when  immersed,  reach  to  about  six  inches 
from  the  bottom.  Boats  will  be  required  to  convey  the 
poles.  As  the  cross-section  may  be  irregular,  it  will  be 
necessary  to  divide  it  into  several  parts,  finding  the  area 
and  mean  velocity  for  each  division,  and  calculating  the 
corrected  discharge  for  each  division  separately;  the 
sums  of  these  corrected  discharges  will  then  be  the  true 
discharge  for  the  river  at  that  spot 
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6.  Field  Operations  for  Gauging  the  Missis- 
sippi River  and  Tributaries,  by  Captains 
Humphreys  and  Abbot  in  1858. 

Soundings, — The  strength  of  the  current,  the  depth 
and  width  of  the  river,  and  the  floating  driftwcx)d,  all 
combined  to  render  an  accurate  measurement  of  the 
dimensions  and  area  of  cross-sections  a  diflicult  operation 
on  the  Mississippi.  After  various  experiments,  the  fol- 
lowing system  was  adopted,  by  which  accurate  work  was 
done  even  in  the  highest  stages  of  the  river.  The 
middle  stages  were  usually  selected  for  this  purpose, 
being  preferable  to  the  low  stages,  during  which  there 
would  have  been  exposure  to  oppressive  heat  and  disease, 
and  more  favourable  than  the  high  stages,  when  the 
difficulties  attending  accurate  measurement  were  greatest. 

Preparatory  to  making  a  cross-section  of  the  river, 
whether  for  general  purposes  of  comparison  or  for  deter- 
mining a  discharge,  a  base  line,  varying  in  length  from 
400  to  I  000  feet,  was  measured  along  the  bank  near  the 
water's  edge  ;  an  observer  with  a  theodolite  was  stationed 
at  each  extremity  of  this  line.  The  one  directed  the 
telescope  of  his  instrument  across  the  river,  so  as  to 
command  the  line  on  which  the  soundings  were  to  be 
made  ;  the  other  prepared  to  follow  the  boat  with  his 
telescope,  in  order  to  measure  its  angular  distance  from 
the  base  line  when  each  sounding  was  taken.  The  boat, 
a  light  six-oared  skiff,  contained  a  man  provided  with  a 
sounding  chain,  a  recorder  with  a  flag,  and  three  oars- 
men. The  strongest  kind  of  welded  jack-chain  was  enn- 
ployed,  to  which  bits  of  buckskin  were  attached  at 
intervals  of  5  feet,  smaller  divisions  being  measured  with 
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a  rod  in  the  boat.     The  sinker,  varying  from   10  to  20 
pounds  in  weight  according  to  the  force  of  the  current, 
was  a  leaden  bar  whose  bottom  was  hollowed  out  and 
armed  with  grease,  in  order  to  bring  up  specimens  of  the 
bed  of  the  river.     The  patent  lead  was  also  used  for  the 
latter  purpose.     The  boat  was  rowed  some  little  distance 
above  the  proposed  section  line,  and  allowed  to  drift 
down  with  the  current,  the  sounding  lead  being  lowered 
nearly  to  the  bottom.     By  this  precaution,  the  deflection 
of  the  line  by  the  force  of  the  current  was   prevented. 
When  the  first  observer,  stationed  opposite  the  proposed 
section  line,  saw  that  the  boat  had  nearly  reached  it,  he 
waved  a  flag  as  a  signal  to  take  a  sounding,  and  then 
carefully  turned  his  instrument  so  as  to  keep  the  vertical 
hair  of  his  telescope  upon  the  point  where  the  chain 
crossed  the  gunwale  of  the  boat     The  recorder  in  the 
boat,  seeing  the  signal,  waved  his  flag  to  the  second 
engineer  to  follow  the  boat  carefully  with  his  telescope- 
The  man  with  the  sounding  chain  allowed  it  to  slip 
rapidly  through   his   hands  until   the   lead   struck   the 
bottom,  when  he  grasped  the  chain  at  the  water  surface, 
and  instantly  rose  to  a  standing  position.     This  motion 
was  the  signal  for  arresting  the  movement  of  each  tele- 
scope, and  recording  the  angles.     The  recorder  in  the 
boat  noted  the  depth  of  the  water,  and  the  nature  of  the 
bottom    soil    adhering  to  the   lead.      By   the    angles 
measured   at   the  base  line,  the  exact  position  of  the 
sounding,  which  was  never  more  than  a  few  feet  above 
or  below  the  proposed  section  line,  was  ascertained.     The 
process  was  repeated  until  soundings  enough  had  been 
taken  to  give  an   accurate  cross-section  of  the   river. 
Careful  lines  of  level  were  then  run  up  each  bank  from 
the  water  surface  to  points  above  the  level  of  the  highest 
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floods,  when  such  points  existed,  or  to  other  convenient 
bench-marks.  Generally,  the  triangles  were  computed, 
and  the  work  plotted  before  leaving  the  place,  in  order 
to  fill  by  additional  soundings  any  gaps  which  might 
appear  on  the  diagram. 

At  places  where  a  series  of  daily  velocity  observations 
was  to  be  made,  additional  precautions  were  taken,  and 
two  independent  sections,  200  feet  apart,  were  sounded 
with  the  greatest  care.  Soundings,  repeated  from  time 
to  time  upon  these  lines,  uniformly  showed  that  no  sen- 
sible changes  took  place  in  the  bed  of  the  river.  The 
mean  of  all  such  sections,  when  reduced  to  the  same 
stage  of  the  river,  was  accordingly  always  taken  for  the 
true  cross-section  at  the  locality.  The  change  in  area 
produced  by  any  change  of  level  in  water  surface  could 
then  be  readily  computed  from  the  plotted  section.  To 
determine  the  daily  changes  of  this  level,  a  gauge-rod, 
graduated  to  feet  and  tenths,  was  observed  daily,  its 
correctness  of  adjustment  being  frequently  tested  by 
comparison  with  secure  bench-marks.  An  accurate 
knowledge  of  the  area  of  the  cross-section  on  any  given 
4ay  was  thus  obtained.  The  tables  of  soundings  for 
tach  cross-section,  which  were  all  numbered,  also  denoted 
the  distance  of  the  sounding  from  the  base  line,  the 
depth  of  high  water  during  that  year,  and  the  nature  of 
the  bottom. 

Velocity  Measurements, — Narrow  and  straight  por- 
tions of  the  river,  where  the  form  of  its  cross-section 
approximated  most  nearly  to  that  of  a  canal,  where  the 
waters  of  the  highest  floods  were  confined  to  the  channel 
by  natural  banks  or  by  levies,  and  where  the  river  at  all 
stages  was  free  from  eddies,  were  selected  for  the  per- 
manent velocity  stations. 
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The  depth  and  violence  of  the  river  rendered  the 
measurement  of  its  velocity,  especially  below  the  surface, 
exceedingly  difficult.  Of  all  the  methods  known  for 
determining  this  quantity,  that  by  double  floats  was 
found  to  give  the  best  results.  The  method  of  conduct- 
ing these  observations  was  as  follows : — Two  parallel 
cross-sections  of  the  river  having  been  made  as  already 
explained,  200  feet  apart,  a  base  line  of  the  same  length 
was  laid  off  upon  the  bank  from  one  to  the  other,  being 
of  course  at  right  angles  to  both.  This  length  was  suffi- 
cient to  ensure  accuracy  without  being  too  great  either 
for  observing  many  floats  in  a  day,  or  for  avoiding  local 
changes  in  velocity.  An  observer  with  a  theodolite  was 
stationed  at  each  extremity  of  the  base  line.  It  is  evi- 
dent that,  when  the  telescopes  were  directed  upon  the 
river,  with  their  axes  set  at  right  angles  to  the  base  line 
the  vertical  cross  hairs  marked  out  the  lines  of  sounding 
upon  the  water  surface,  and  that  the  time  of  passage  of 
a  float  between  these  lines  was  that  consumed  in  passing 
200  feet  Also,  that  if  the  angular  distance  of  a  float 
from  the  base  line  when  crossing  each  line  of  sounding 
was  measured,  its  distance  in  feet  from  the  former  could 
readily  be  computed,  and  its  path  fixed.  Upon  these 
principles  the  observations  were  conducted.  Two  skiffs 
were  stationed  on  the  river,  one  considerably  above  the 
upper,  and  the  other  below  the  lower  section  line,  the 
former  being  provided  with  several  keg  floats.  At  a  signal 
from  the  engineer  at  the  upper  station,  whose  telescope 
was  set  upon  the  upper  section  line,  a  float  was  placed 
in  the  river.  The  keg  immediately  sank  to  the  depth 
allowed  by  its  cord,  and  the  whole  float  moved  down 
toward  the  lower  line.  The  observer  at  the  lower  station 
followed  its  motion,  keeping  the  cross  hair  of  his  telescope 
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directed  constantly  upon  the  flag.  At  the  word  *  mark ' 
uttered  by  his  companion,  when  the  float  crossed  the 
upper  line,  he  recorded  the  angle  shown  by  his  instru- 
ment, and  then,  setting  his  telescope  upon  the  lower  line, 
watched  for  the  arrival  of  the  float  In  the  meantime, 
the  observer  at  the  upper  station,  whose  theodolite  sup- 
ported a  watch  with  a  large  seconds  hand,  recorded  the 
time  of  transit  of  the  float  across  the  upper  line,  and 
then  followed  the  flag  with  his  telescope.  At  the  word 
*  mark '  given  by  his  assistant,  when  the  flag  crossed  the 
lower  line,  he  recorded  the  line  and  ang^ular  distance 
from  the  base  line.  The  float  was  picked  up  by  the 
lower  boat  By  this  method,  the  exact  point  of  crossing 
each  section  line,  and  the  time  of  transit,  were  ascer- 
tained. When  the  velocity  was  not  too  great,  the  time 
was  noted  by  the  engineer  at  the  lower  station  also,  to 
guard  against  error.  A  stop-watch  was  sometimes  used. 
As  it  was  evidently  impossible  to  observe  floats  daily  in 
all  parts  of  the  cross-section,  the  best  practical  method 
found  was  to  adopt  a  uniform  depth  of  S  feet  for  all  the 
floats,  distribute  them  equally  across  the  entire  river, 
and  afterwards  divide  the  resulting  velocities  into  groups 
or  divisions  within  which  the  variation  of  velocity  was 
but  slight ;  a  mean  relative  velocity,  and  a  mean  relative 
discharge,  for  each  division  was  then  computed,  the  sum 
of  the  latter  being  an  approximate  mean  discharge  of 
the  river,  which,  when  divided  by  the  area  of  the  whole 
river  section,  gave  a  mean  relative  velocity  for  the  whole 
river.  The  resulting  discharge,  when  multiplied  by  the 
ratio  of  the  velocity  at  the  assumed  depth  (in  this  case  5 
feet)  to  the  mean  velocity  for  the  whole  vertical  curve, 
gave  an  accurate  mean  discharge  of  the  river  for  that 
place  and  day. 
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Computation  of  Discharge, — A  separate  plot  of  each 
day's  velocity  measurements  was  made  in  the  following 
manner : — Lines  were  drawn  upon  section  paper  to  re- 
present the  section  lines,  the  base  line,  and  the  water 
edges.  The  distances  from  the  base  line  to  the  points 
where  each  float  crossed  the  section  lines  were  then  com- 
puted by  a  table  of  natural  tangents,  and  the  points  laid 
down  on  the  plot.  Straight  lines  connecting  the  two 
corresponding  points  indicated  the  paths  of  the  floats, 
which  were  of  course  nearly  perpendicular  to  the  section 
lines.  The  time  of  transit  in  seconds  and  the  depth  of 
the  float  were  inscribed  upon  these  plotted  paths. 

The  diagram  resulting  showed  that  the  velocities  in 
different  parts  of  the  section  increased  gradually  and 
quite  uniformly  with  the  distance  from  the  banks  until 
the  thread  of  the  current  was  reached,  and,  since  these 
velocities  were  found  to  vary  but  very  slightly  for  dis- 
tances of  200  feet  apart  except  in  the  immediate  vicinity 
of  the  banks,  the  diagram  of  the  daily  velocity  floats  was 
divided  by  parallel  lines  200  feet  apart,  the  first  being 
the  base  line,  and  the  mean  of  all  the  velocities  of  floats 
in  each  division  taken  as  the  mean  relative  velocity  for 
that  division  and  recorded.  For  the  shore  divisions, 
unless  the  floats  happened  to  be  well  distributed  through 
them,  the  mean  relative  velocity  was  assumed  to  be 
eight-tenths  of  that  in  the  outer  edge  ;  a  rule  deduced 
from  a  subdivision  and  study  of  the  velocity  when 
thoroughly  measured  in  these  divisions. 

For  checking  and  making  interpolations  among 
defective  observations  of  any  day  in  a  division,  the  day's 
work  was  also  plotted  in  a  curve  whose  ordinates  were  the 
lAean  velocities  of  the  different  divisions,  and  whose 
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abscissae  were  the  distances  of  their  middle  points  from 
the  base  line. 

The  river  channel  being  of  a  natural  form,  the  sec- 
tional areas  of  all  the  divisions  were  unequal,  and  again 
the  ratios  of  these  areas  were  not  constant  for  different 
stages  of  the  river.  Each  divisional  area  was  therefore 
multiplied  by  its  mean  relative  velocity,  and  the  sum  of 
the  products  was  then  the  mean  relative  or  approximate 
discharge  of  the  whole  section  ;  dividing  this  dischai^ 
by  the  total  area  of  the  whole  section,  the  approximate 
mean  velocity  of  the  river  was  determined.  This  com- 
putation was  made  by  logarithms,  and  simplified  by  the 
use  of  a  table  constructed  for  the  purpose.  In  order  to 
correct  these  discharges,  which  were  those  due  to  the 
velocities  five  feet  below  the  surface,  it  was  necessary  to 
determine  the  value  of  the  ratio,* 


vr 


U^+  |-l^(317^-06/Kl0r-O-25j^g^ 


and  multiply  them  by  it,  thus  getting  the  true  discharges, 
which,  when  divided  by  their  corresponding  areas  of 
cross-section,  gave  the  final  and  correct  mean  velocity. 
The  numerical  values  of  the  above  expression  or  ratio 
were  obtained  in  the  following  way,  and  put  into  the 
form  of  the  table  given. 

The  days  on  which,  observations  were  made  were 
grouped  according  to  even  feet  of  the  computed  ap- 
proximate mean  velocities,  it  being  assumed  that  the 
effect  upon  the  desired  ratio,  produced  by  changes  in 
mean  velocity  of  less  than  one  foot,  might  be  neglected. 
Each  group  was  then  examined  in  connection  with  the 

>  See  Mississippi  velocity  notation,  page  12,  Chapter  I. 
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wind  record,  and  days  were  rejected  until  only  calm  days 
or  those  on  which  the  wind  blew  directly  across  stream, 
or  those  on  which  when  combined  the  wind  effects 
balanced  each  other,  were  left  The  resulting  mean  day 
in  each  group  was  then  equivalent  to  a  calm  day,  so  far 
as  wind  effect  was  concerned.  The  following  mean 
quantities  were  then  deduced  for  each  mean  day  by 
dividing  the  sum  of  the  quantities  by  the  number  of 
days  going  to  make  up  the  mean  day,  viz.,  an  approxi- 
mate mean  velocity  of  the  river  (v),  a  gauge  reading, 
and  hence  a  mean  radius  (r),  and  a  mean  velocity  five  feet 
below  the  surface  (i7),  found  by  taking  a  mean  of  the 
tabulated  velocities  of  all  the  different  divisions. 
These  values  being  substituted  in  the  equation, 

17=  17,,- (0-1856t;)*(^=^)" 

1*69 
putting  also  d=5,  making  ci!,=0'317r,  and  6= 


(1)4-1-5)* 

■r  0*1856  when  2)730;  the  value  of  TJ^,  was  computed 
and  obtained.^ 

Next  this  value  of  f/^,  was  introduced  into  the  same 
equation  again  to  obtain  new  values  of  f/,  first  for  a 
value  d=0,  secondly  for  a  value  of  d=r,  thus  getting  the 
surface  and  bottom  velocities  denoted  by  £7"  and  J7^ 
Substituting  for  these  their  values  in  the  following  equa- 
tion, together  with  those  computed  for  J7d,,  d^,  and  r,  the 
value  of  Urn  was  obtained 

I 

1-69 
»  N.B. — The  general  value  of  J  is 


(-B+1-5)' 
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TtMe  ^Ratios  for  correeting  the  approximaJt  dtsehar^  tf  tkt 
Mississippi. 


.^ 

Approir,- 

Wind 

down 

down 

Wind 
down 

dt>« 

Columbus 

Vicksburj 
N4lchu   . 

IM26 

a-4440 
3-6548 

3 '6038 

4'4HO 
5S57' 
67363 

4-6901 

;90759 

■93719 
-94400 
•9490S 
■95406 
■95  75' 
■95983 

■9J881 
■94544 
■95 '61 
■95631 

■94566 

■9J2SO 

■95407 
■95829 

•q<l26l 

■96550 
-96747 

■94854 
■36440 

■9SS0I 

■93791 

;94874 

■9713' 

■97365 
■975^3 

■95846 
-96423 
■9689s 
■97264 

■96454 

Ills 

■97118 
■97463 
■97741 
-980(6 
-98193 
■98311 

■96863 

■97J40 
■97783 
-98103 

■97428 

Locality 

S 

OJn 

? 

Wind 

Wind 

up 

ViclubuiK 
Naichei 

1-6826 
a-4440 
3 '6548 
4-5097 
4-34*6 
6-6496 
7-4282 
8-3162 

3-6038 

il 

7-0539 

4-6901 

-97040 
-97737 
■98302 
■98546 
-98723 

■9Sy.8 
-9903s 
-99112 

-97895 

■98952 
•99006 

■98420 

■98750 
-99192 
■99S21 
■99041 
■99727 
■99837 
-99S91 
■99927 

-98956 

'^, 

■99823 
■99433: 

1-00521 
1-00721 
1-00767 
1 -00760 
I-O06S9 

1-00762 
1-00756 

1-000J7 
(■00307 
1-00557 
1-00706 

(■00466 

'-0*357 
(-02294 
( -03048 
(-01903 
1-01793 

.■0(598 

r01142 

I -01337 

1-01522 

1-04261 
1-03933 
103359 

1-ojosl 
1-02858 
1-02697 
102551 
tOH53 

I -03271 
I  ■02389 
1-03494 
1-03519 

I  01602 

Attlmanrind  at  right  toglet  lothecurrent-O;  ahnmcane  — 10.- 
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Using  the  resulting  value  of  TJ^,  also  the  values  already 
deduced  for  v  and  r  and  6,  and  giving/  its  value  suc- 
cessively for  each  of  the  various  forces  and  direction  of 
the  wind,  in  the  following  equation  : — 

rj^^ ^- 

^»  "tr»    ,|-l,(0-317  +  0-06/)(10r-r')-25j  ^^^^k 

the  table  of  ratios  for  the  stations  was  computed. 

The  approximate  discharge  for  each  day  at  each 
station  was  multiplied  by  the  ratio  in  the  table  most 
nearly  corresponding  to  its  approximate  mean  velocity 
to  obtain  the  true  discharge,  from  which  the  true  mean 
velocity  was  then  obtained. 


7.    Field  Operations  in  Gauging  Crevasses  by 
Captains  Humphreys  and  Abbot. 

The  phenomena  observed  in  the  discharge  of  water, 
through  crevasses,  or  breaks  in  levies  at  seasons  of  high 
water,  were — 

1.  That  the  effect  of  every  crevasse,  even  though  as 
large  as  327  feet  wide  and  1 5  feet  deep,  along  the  line 
of  lev&,  extends  only  for  a  short  distance  from  the  bank  ; 
in  the  above  instance,  it  did  not  affect  the  line  of  motion 
of  floating  bodies  passing  200  feet  from  the  natural  bank, 
or  300  feet  from  the  break  in  the  lev^e. 

2.  Between  the  crevasse  and  the  outer  limit  of  its  in- 
fluence there  is  always  a  movement  of  the  water  towards 
the  break  from  all  points  below  and  above,  which  in- 
creases towards  the  break,  and   rapidly  diminishes  on 
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reaching  the  ground  in  rear  of  the  lev^,  where  it  spreads 
in  every  direction,  but  mostly  towards  the  swamps. 

3.  There  is  a  sensible  slope  along  the  course  of  this 
movement 

4.  In  passing  the  break,  whether  by  a  cascade  or  not, 
the  water  is  higher  in  the  middle  of  the  opening  than  at 
either  side. 

The  following  was  the  ordinary  method  of  computing 
a  discharge.  Knowing,  from  measurements  made  after 
the  cessation  of  the  flow,  the  high-water  depth  of  the 
given  crevasse,  which  was  estimated  on  the  line  of  levfe, 
if  no  material  excavation  was  made  there,  and  on  the 
batture  in  front  of  the  lev^e,  if  holes  were  dug  on  the 
line  of  the  break  ;  the  depth  on  the  given  day  was  found 
by  subtracting  from  this  high-water  depth  the  stand  of 
the  river  below  high-water  mark — a  quantity  which  was 
always  known  either  from  local  information  or  from  a 
comparison  of  the  nearest  river  gauges.  Taking  D  to 
represent  this  depth,  and  w  the  maximum  width  of  the 
crevasse  after  cessation  of  flow  ;  and  knowing  from  exact 
information  the  date  of  breaking  of  the  lev^,  and  that  of 
the  cessation  of  flow,  the  width  of  crevasse  of  any  desired 
day  could  be  computed  ;  and  the  required  discharge  per 
second  was  then  assumed  to  be  equal  to  the  continued 
product  of  this  width  w,  the  depth  2),  and  the  velocity 
(y)\  or  Q=w,xDxv\  the  velocity  when  D  was  less 
than  4  feet  was  taken  a=  2*8 18  -/D  (Castel's  weir  formula) ; 
and  when  D  was  greater  than    3  feet,  v  was   taken  b 

17 
10  —  —  ;  the  general  formulae  for  discharge  correspond- 
ing to  each  case  being 

C=(100  +  7r:4;(^^J^^)i)  (2-818  ^D) 
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e=(,00+S=4)C"^)Z.(lO-J^ 

where  nsB numbers  of  days  of  discharge  which  have  pre- 
ceded the  given  day,  and  2^=  total  number  of  days  of 
discharge. 

Coefficient  of  correction  for  special  cases  of  crevasses. 

There  are  cases  in  which  the  conditions  of  the  flow 
of  water  were  considerably  modified  ;  such  as  when  the 
lev&  was  so  far  distant  from  the  river  that  the  depth  at 
the  edge  of  the  natural  bank  was  much  less  than  that  at 
the  base  of  the  levde  ;  or  when  trees,  a  growth  of  sap- 
lings, or  other  obstacles  existed  in  front  or  in  rear  of  the 
break,  both  of  these  causing  a  diminution  of  discharge. 
So  when  the  reported  depth  of  crevasse  included  that  of 
previously  existing  excavations  on  the  line  of  levde,  in 
these  cases  the  resulting  calculated  discharge  would  be 
too  high,  and  it  then  became  necessary  to  apply  in  each 
case  a  special  coefficient  of  correction.  The  coefficient 
for  crevasses  flowing  into  the  Yazoo  bottom  was  thus 
determined.  The  areas  of  these  bottom  lands  and  their 
watersheds  were  as  follows,  in  square  miles: — 

Total. 


34600 


Yazoo  bottom 71 10' 

Yazoo  watershed    ..•••.  6740 

St.  Frands*  bottom         .        ,        ,        •        .  6900 

St.  Francis'  watershed 3600 

Tennessee  and  Kentucky  bottom     .        .        .  750 

Tennessee  and  Kentucky  watershed.        .        .  9500^ 

The  yearly  rainfall  in  feet  was — 

At  New  Harmony,  Indiana    .        .        .        •3*92 

At  West  Salem,  Illinois 4x33 

At  St.  Louis,  Missouri  .        .        .        .        .5*18 
Mean  downfall  at  head  of  region     .....     4*38 
At  Memphis,  downfall  for  middle  of  region      .        .        .     4*43 
At  Jackson,  downfall  for  foot  of  region    ....     4*99 

M 
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feet 

Mean  for  whole  region 4*60 

Giving  total  yearly  downfall, 

« 34  600 X  4*6  X  (6280)*-4  437  126 144000  cabic  feet 

To  obtain  the  total  yearly  drainage,  the  discharge  at 
Columbus,  together  with  that  of  the  Arkansas  and  White 
Rivers,  was  deducted  from  the  discharge  at  Vicksburg  ; 
and  from  this  also  a  deduction  was  made  an  account  of  the 
river  during  the  year  between  Columbus  and  Vicksburg 
being  lower  by  a  mean  difference  of  6*8  feet  throughout  a 
mean  width  of  3  300  feet  for  589  miles  in  length ;  thus 
getting  the  drainage 

4  372  572  757  200 
Channel  drainage  69  786  604  800 

Total  yearly  drainage    4  302  786  152  400  cubic  ft. 

And  ratio  of  drainage  to  downfall  is  hence 

4  302  786  152  400 


4  437  126  144  000 


=0-96  nearly. 


Next,  the  total  rainfall  for  the  Yazoo  basin,  area  1 3  850 
square  miles,  for  from  December  I,  1857,  to  July  15, 
1858  =  3-64  feet  X  13  850  x  (5  280)*  =  1  405  461  657  600 
cubic  feet ;  the  mean  rainfall  3*64  during  that  time 
being  determined  from  the  mean  of  the  registered 
falls  at  Memphis,  and  at  Jackson,  3*19  and  4*08  feet ; 
applying  to  this  rainfall  the  coefficient  of  drainage 
before  determined,  the  drainage  from  the  Yazoo  basins: 
1  349  243  191  300  cubic  feet 

The  area  of  the  Yazoo  bottom  was  dry  on  December 
I,  1857,  but  at  high  water  July  15,  1858,  it  had  a  mean 
depth  of  water  of  3  08  feet  over  an  area  of  6  800  square 
miles;   having  received  between  those  dates   6800 x 
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(5  280)«  X  3-08  =  583  885  209  600  cubic  feet,  and  the  dis- 
charge  of  the  channel  of  the  Yazoo,  the  sole  outlet,  was 
measured  during  this  time  =  1  408  665  600  000  cubic 
feet  Hence,  1  992  550  809  600  cubic  feet  represented 
the  total  quantity  which,  entering  the  Yazoo  basin 
between  those  dates,  eventually  drained  off  into  the 
Mississippi ;  and  the  total  amount  of  overflow  from 
the  Mississippi  basin  into  the  Yazoo  basin  was 
1  992  550  809  600- 1  349  243  191  300  =  643  307  618  300 
cubic  feet ;  this  quantity  as  computed  by  the  uncorrected 
crevasse  formula  was — 

I  758  153  600000; 

hence  the  required  coefficient  of  correction  for  the  formula 
equals  the  former  divided  by  the  latter  =  nearly  ^.  This, 
therefore,  holds  good  for  the  crevasses  in  the  district  for 
which  it  is  obtained,  and  the  same  principle  may  be  ap- 
plied to  other  districts. 


8.    System   of  Gauging  by  Mid-depth  Veloci- 
ties, Proposed  by  Humphreys  and  Abbot. 

The  details  of  field  operation  to  be  adopted  differ 

according  to  the  size  of  the  river,     ist  If  the  river  be 

small  and  considerable  exactness  be  required,  the  boat 

should  be  anchored  at  various  equidistant  stations,  the 

banks  being  considered  two  of  them,  and  the  station 

actual   mid-depth  velocities   measured   by  any  of  the 

known  methods ;  the  number  of  stations  being  sufficient 

to  prevent  the  velocity  of  the  water  between  any  two  of 

them  from  varying  materially.     2nd,  In  the  case  of  a 

large  river,  if  the  depth  is  uniform,  sufficient  accuracy 

11 2 
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may  be  obtained  by  observing  the  times  of  transit  of  a 
large  number  of  double  floats  well  distributed  across  the 
river  section,  the  kegs  being  uniformly  sunk  beneath  the 
surface  to  a  depth  equal  to  half  the  hydraulic  mean 
radius  of  the  river.  Should  it  happen  that  the  cross-sec- 
tion is  not  sufficiently  uniform  and  symmetrical  to  admit 
of  this,  the  site  or  reach  is  ill  chosen  for  the  purpose. 
The  results  should  then  be  plotted  and  grouped  into 
divisions  of  equal  width,  and  the  mean  result  for  each 
division  calculated,  including,  of  course,  interpolated 
velocities  should  any  be  missing. 

The  depth  of  water  in  the  river  should  be  noted  on  a 
permanent  gauge-post  during  the  observations,  or  before 
and  after.  By  this  method  the  results  obtained  will  be 
in  the  first  case  absolutely,  and  in  the  second  case  nearly, 
unaffected  by  the  wind,  no  matter  what  its  direction  or 
force  may  be. 

The  method  of  computing  the  discharge  from  these 
observations  will  vary  according  to  the  accuracy  re- 
quired. 

First  method, — A  close  approximate  result  may  be 
obtained  by  taking  a  mean  of  all  the  different  station  or 
division  mid-depth  velocities,  and  applying  a  coefficient 
of  0'9S  for  large,  and  0*93  for  ordinary  rivers,  to  obtain  the 
mean  velocity  of  the  river.  In  this  method  there  are 
two  causes  of  error  which  very  nearly  balance  each  other, 
namely,  the  inequality  in  area  of  the  different  divisions, 
and  the  difference  between  the  mid-depth  and  mean 
velocities  in  any  vertical  plane,  and  the  above  coefficients 
meet  those  errors.  For  a  rectangular  cross-section,  no 
coefficient  is  required. 

Second  method, — If  greater  precision  be  required,  a 
more  accurate  mean  velocity  of  discharge  of  the  river 
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( V)  may  be  computed  by  substituting  the  grand  mean 
of  all  the  station  mid-depth  or  division  velocities  for  \]\r 
in  the  following  formula, 

V = [( 1  08  [7j,  -f  0-0026)  *  -  0-0456  *]' 

This  formula  is  deduced  by  substituting  for  JJ^  its  value 
0'93t;  in  the  general  expression, 

and  reducing  the  resulting  equatioa 

As  has  been  already  stated,  when  the  mean  radius 

exceeds  12  feet,  6=0-1856,  and  under  any  circumstances 

1'69 
6  =    -.    The  formula  therefore  gives  at  once  v 

(r+1-5)* 
the  mean  velocity  of  the  river ;  and  this  simple  method 
is  quite  exact  in  ordinary  river  sections,  though  not  ap- 
plicable to  rectangular  sections. 

Third  method. — Should,  however,  a  very  high  degree 
of  accuracy  be  required  for  testing  formulae,  or  constant 
coefficients,  an  amount  of  exactitude  affected  only  by  in- 
strumental errors  of  observation  may  be  secured  by  sub- 
stituting the  different  observed  division  mid-depth 
velocities  successively  for  V^d  in  the  formula 

and  tiie  results  will  be  true  values  of  the  mean  velocities 
of  the  different  divisions  in  terms  of  v^  and  known  quan- 
tities. The  sum  of  the  products  of  these  expressions,  by 
the  corresponding  division  areas,  should  be  placed  equal 
to  the  product  of  v  by  the  total  area  of  the  cross-section  ; 
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and  this  equation,  involving  v  and  v*  and  known  quanti- 
ties, will  give  two  positive  values  of  v  ;  the  less  of  which, 
corresponding  to  the  actual  case  when  the  velocity  is 
greater  at  the  axis,  is  the  value  of  the  true  mean  velocity 
of  the  river.  This  method,  though  accurate  in  principle, 
is  probably  not  so  good  for  ordinary  purposes  as  the 
previous  more  simple  one,  which  n^lects  the  latter  at- 
tempt at  extreme  accuracy  and  involves  less  observation, 
and  consequently  less  instrumental  error,  as  well  as  less 
labour. 

General  Abbots  Method  of  determining  on  any  given 
day  the  discharge  of  a  large  river  thai  has  been 
previously  surveyed  and  gauged. 

The  previous  field  operations  consist  of  a  survey  and 
numerous  soundings  of  a  straight  and  regular  portion  of 
the  channel  between  two  bench-marks,  A  and  B,  fixed 
permanently  near  the  water,  whose  relative  levels  are 
accurately  known.  An  accurate  plan  of  the  river  between 
these  points  is  necessary,  the  mean  cross-section  derived 
from  the  soundings,  and  a  series  of  careful  gaugings  of 
the  river  on  permanent  gauge-posts.  It  is  desirable  that 
the  course  of  the  river  between  A  and  B  should  be  as 
straight  and  regular  as  possible,  in  order  to  eliminate  to 
the  utmost  the  effect  of  bends,  although  allowances 
almost  invariably  must  be  made  on  that  account  The 
points  A  and  B  should  be  well  chosen,  as  far  apart  as 
practicable,  and  distant  from  any  eddy,  and  be  placed 
where  the  current  on  the  bank  flows  with  equal  velocities. 
The  latter  condition  is  necessary,  because  water  in 
motion  exerts  less  pressure  than  when  at  rest,  and  if  it 
moves    rapidly  past    one    bench-mark,  and   is  nearly 
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Stationary  at  the  other,  a  difference  of  level  independent 
of  the  motive  power  of  the  stream  would  vitiate  the 
observations. 

On  the  required  day  the  water  surface  at  each  end 
of  the  reach,  A  and  B,  has  to  be  simultaneously  referred 
by  accurate  levels  to  the  bench-marks,  to  obtain  the 
difference  of  level  of  water  surface  and  the  gauge  depths 
Nothing  more  is  required.  A  calm  day  should  be 
selected. 

The  formula  to  be  used  is  that  given  in  the  para- 
graph on  velocities : 

v= [^0-00816 -h  (225  r,  Vs)*  -0-096*]* 

the  terms  of  which  have  been  already  explained,  except- 
ing «  ;  in  this  case  b  is  the  sine  of  the  slope  of  the  water 
surface  corrected  for  bends,  and  is  obtained  numerically 
by  subtracting  the  value  of  h!\  due  to  effect  of  bends 
{;vide  Paragraph  on  Bends)  from  the  total  fall  between 
the  level  stations,  and  dividing  the  difference  by  the 
total  distance  between  them,  measured  on  the  middle 
line  of  the  channel. 

The  method  of  successive  approximation  must  be 
adopted  to  find  the  value  of  v  in  this  formula.  The  fol- 
lowing formulae  give  the  value  of  each  variable  in  the 
above  equation  in  terms  of  the  others  and  known 
quantities.  Taking  ^=0-93i;-f  0-167  y/hv,  and  assuming 
j>= 1-015  TT,  should  it  not  have  been  measured, — then 


% 


■"    U95r/   '  195  >/«     '    '     1?  +  TT 


,       .  ^      195  a  K^8 
and  p+  Tr=  — -^ — . 
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For  small  s^reams.—General  Abbot  modifies  the 
above  formula  into  the  following,  where  t/  is  the  value  of 
the  first  term  in  the  expression  for 


or  putting  if =000816  and  if  =-?^ 

v_  I  >\/if +225  rya-  -v/if  |  '-if  ^t/ 

in  which  the  term  involving  iT  may  be  neglected,  for 
streams  larger  than  50  or  lOO  feet  in  cross-section  ;  and 
for  large  rivers  exceeding  12  or  20  feet  in  mean  radius,  M 
but  not  VM  may  be  neglected.  The  following  table 
facilitate  the  application  of  the  formula. 


r 

Ji 

'JM 

V 

w 

Log.jr 

1 

0-0037 

0-0930 

5 

0-400 

9*602060 

2 

0-0073 

0*0855 

6 

0-343 

9535294 

3 

0-0065 

0*0803 

7 

0300 

9'477"i 

4 

0-0058 

0*0764 

8 

0*267 

9*426511 

5 

0-0054 

0'0733 

9 

0*240 

9*380211 

6 

0-0050 

0*0707 

10 

0*218 

9-338456 

7 

0-0047 

0-0685 

12 

0-185 

9-267172 

8 

0*0044 

0*0666 

14 

o-i6o 

9*204120 

9 

0-0042 

0-0649 

16 

0*141 

9-149219 

10 

0-0040 

0*0634 

18 

0*126 

9-100371 

12 

0-0037 

0*0610 

20 

0-114 

9^56905 

14 

ot)035 

0*0590 

22 

0*104 

9-017033 

16 

0-0033 

0-0573 

24 

0-096 

8-982271 

18 

0-0031 

0-0558 

26 

0-089 

8*949390 

20 

0*0029 

0-0544 

28 

0-083 

8*919078 

30 

0*0024 

0-0494 

30 

0-078 

8-892095 
8-6720^ 

50 

0*0019 

0-0437 

50 

0-047 

100 

0*0013 

0'0369 

100 

0-024 

8*380211 
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9.    The  Experiments  of  d'Arcy  and  Bazin  on 

THE    RiGOLES    DE    CHAZILLY  AND  GROSBOIS   IN 
1865. 

These  experiments,  in  small  channels  under  various 
conditions,  were  made  with  the  principal  object  of  ob- 
taining coefficients  of  reduction  due  to  various  surfaces 
of  bed  and  banks  ;  their  details  cannot  fail  to  be  inter- 
esting to  those  intending  to  gauge  channels  of  any 
description. 

The  canal  of  supply  was  Bief  No.  57,  of  the  Canal 
de  Bourgogne,  from  which  the  water  was  taken  into  a 
receiving  chamber  through  four  iron  sluices,  1™  wide,  and 
being  capable  of  being  raised  0*40",  having  their  sills 
0'6o™  below  ordinary  water  level  of  the  canal.  This 
chamber  was  5*40"  wide  by  14*00"  long,  having  its 
bottom  o*8o™  below  the  entrance  sills  ;  the  gauge-sluices 
opening  from  it  into  the  channel  of  experiment  were  of 
brass,  twelve  in  number,  each  having  a  section  of  passage 
when  opened  of  0*20  x  0-20°,  and  having  their  sills 
0*40"  above  the  bottom  of  the  chamber,  and  0*40°  below 
the  sills  of  the  entrance  sluices  before  mentioned.  These 
orifices  resemble  those  of  the  type  employed  by  Poncelet 
and  Lesbros,  and  would,  according  to  them,  require  a 
coefficient  of  reduction  of  discharge  of  0*604,  provided 
that  the  effect  of  the  velocity  of  approach  be  neglected  ; 
in  this  case,  however,  it  augmented  the  discharge,  and  an 
allowance  had  to  be  made  on  that  account  The  water 
in  the  chamber  was  constantly  kept  at  a  level  of  0*80°* 
above  the  centre  of  the  gauge-sluices ;  an  appliance  for 
showing  the  slightest  variation  of  its  level  being  continu- 
ally watched  by  a  sluice-keeper. 
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The  channel  of  experiment  was  450°  long  before  it 
commenced  to  bend  towards  the  river  Ouche ;  it  was 
water-tight,  and  was  lined  with  planks  of  poplar :  its  fall 
for  the  first  200"  was  0*0049  per  mfetre,  and  for  the  next 
250™  was  o*oo2  per  mfetre  up  to  the  bend,  after  which  its 
fall  to  the  river  for  the  remaining  146°  was  00084  per 
mfetre.  The  different  provisional  constructions  for  em- 
ploying various  inclinations,  and  sections  of  different 
forms,  were  made  in  plank  within  this  channel,  the  spaces 
being  filled  with  rammed  stiff  earth.  Nails  were  driven 
into  the  bottom  of  the  channel  at  various  points  to  serve 
as  bench-marks,  from  which  every  variation  in  depth  of 
water  could  be  obtained  with  exactitude.  Most  of  the 
experiments  were  made  by  successively  opening  the 
twelve  gauge-sluices,  having  one  fixed  section  and 
amount  of  supply  in  each  case,  and  thus  twelve  results 
were  obtained  for  comparison  in  every  experiment  con- 
ducted. 

The  velocities  were  principally  observed  with  d'Arcy's 
current-meter,  but  in  some  cases  also  with  floats.  The 
latter  were  sometimes  simple  wafers,  and  sometimes 
pieces  of  wood  or  cork  weighted  with  lead,  2\  inches 
in  diameter,  and  i  inch  thick ;  their  times  of  transit 
over  distances  of  from  40  to  50  metres  were  noted  with 
chronometers  indicating  fifths  of  seconds,  and  the  mean 
of  five  or  more  observations,  in  which  the  float  following 
the  course  of  the  axis  of  the  channel  was  adopted  as 
finally  correct. 

The  following  was  the  mode  of  determining  the  measure^ 
ment  of  discharge  at  the  off-take. 

The  coefficient  of  discharge  at  the  four  entrance 
sluices  was  determined  by  closing  the  lower  sluices  and 
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noting  the  time  in  which  the  former  filled  the  chamber 
to  a  certain  height ;  in  this  way  the  following  coefficients 
were  obtained  for  a  head  on  the  sill  of  from  0*55"*  to 
070",  when  one  single  sluice  was  opened  at  a  time. 

SInice  raised.  Coefficient. 

0-10- 0-645 

0*20"  ........  0-639 

0-30" 0-631 

0-40- 0-63I 

When  the  four  sluices  were  opened  at  once  to  the  full 
height  0*40",  the  coefficient  was  0637,  instead  of  0*621. 

It  was  hence  evident  that,  in  order  to  obtain  a  suffi- 
ciently constant  discharge,  the  use  of  the  second  set  of 
twelve  sluices  became  absolutely  necessary.  The  condi- 
tions of  construction  of  the  latter  did  not,  however,  render 
the  contraction  complete,  and  hence  the  coefficients  of 
Poncelet  and  Lesbros  were  not  applicable  to  them.  In 
order  to  have  effected  this,  a  chamber  large  enough  to 
entirely  annihilate  all  velocity  would  have  been  necessary, 
the  sluices  should  have  been  farther  apart,  and  their  sills 
should  have  been  at  least  060'"  above  the  bottom  of  the 
chamber.  It  was  hence  necessary  also  to  determine  the 
coefficients  of  discharge  for  these  sluices  by  direct  obser- 
vation. 

In  June  1857,  experiments  were  made  with  this  ob- 
ject ;  a  portion  of  the  channel  was  closed  up,  and  filled 
by  opening  one,  two,  three,  &c.,  up  to  twelve  sluices  at  a 
time,  and  the  volumes  thus  discharged  in  a  certain  time 
carefully  measured.  The  discharges  per  second  were  in 
these  cases  from  0*103  to  1*242  cm.  ;  and  when  each 
sluice  was  opened  separately  the  discharges  varied 
between  01022  and  0*1057  cm.,  giving  coefficients  vary- 
ing from  0*645  to  065 8.  The  irregularity  of  the  latter 
was  considered  due  to  the  irregularity  of  form  of  the 
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bottom  of  the  portion  of  channel  filled  not  allowing  the 
exact  volume  to  be  calculated  :  hence  a  mean  coefficient 
of  0*650  was  adopted  provisionally  for  any  number  of 
sluices  open  at  one  time.  In  i860,  it  was  determined  to 
obtain  this  coefficient  with  greater  exactitude,  and 
further  experiments  were  made  :  all  the  practical  details 
were  carefully  reinvestigated  :  the  influence  of  the  varia- 
tions in  depth  of  the  bief  or  canal  of  supply  was  eventu- 
ally found  to  exercise  no  effect  on  the  irregularities  ;  the 
gauge  used  was  supplanted  by  a  glass  tube  having  a 
mouthpiece  of  i  millimetre  in  diameter,  by  means  of 
which  variations  in  depth  of  water  as  small  as  i  milli- 
metre could  be  easily  read.  The  results  under  these 
conditions  were  thus  : — 

For  a  discharge  from  1  sluice,  the  coefficient  was  0*633 

2  sluices,  ,,  0642 

3  „  „  0-646 

4  „  „  0-649 

5  „   and  upwards  to  12    0-650 

For  a  sluice  raised  only  o'lo™  instead  of  being  fully 
opened,  the  coefficient  was  found  to  depend  on  the 
number  of  other  sluices  open,  thus : — 

When  1  other  is  opened  full,  the  coefficient  for  the  partly 

opened  one  is        ...        .    0*650 

2 0-657 

3 0*660 

4 0*662 

5  and  upwards 0*663 

TJte  determination  of  the  coefficient  for  reduction  for  the 

currents-tube. 

This  was  effected  by  three  methods — 
1st — By  comparing  the  velocities  obtained  by  means 
of  the  tube  with  the  surface  velocities  shown  by  floats. 
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The  data  according  to  the  floats  were  obtained  in 
channels  two  metres  wide,  having  a  discharge  furnished 
by  five  sluices  open  at  a  time :  the  results  gave  a  coeffi- 
cient varying  from  0*981  to  1*039  as  extremes,  and  i*oo6 
as  the  mean  of  all. 

2nd. — By  moving  the  instrument  at  a  known  velocity 
in  a  mass  of  still  water.  The  floats  and  the  current-tube 
were  drawn  by  men  for  a  distance  of  450  mitres,  each 
50  mitres  furnishing  a  set  of  observations  ;  the  obliqui- 
ties of  the  course  of  traction  furnished  the  principal 
obstacle  to  arriving  at  a  very  exact  result  The  velocities 
employed  varied  from  0*609  to  2*034  mitres,  giving 
coefficients  of  reduction  varying  from  I '015  to  1*053  ^ls 
extremes,  the  general  mean  of  all  being  1*034 :  this  was 
considered  far  too  high,  and  the  results  of  this  set  of  ob- 
servations were  therefore  entirely  discarded. 

3rd. — By  measuring  by  means  of  the  current-tube  the 
velocities  at  a  great  number  of  points  in  the  transverse 
section  of  the  channel,  and  comparing  the  discharge  cal- 
culated from  these  velocities  with  that  determined  by  the 
experiments  previously  described  ;  the  points  referred  to 
were  distributed  rectangularly  in  vertical  and  horizontal 
lines ;  the  discharge  of  each  rectangle  was  calculated,  and 
the  sum  of  these  discharges  was  employed  to  obtain  an 
approximate  discharge  of  the  canal  These  comparisons 
gave  results  varying  from  0*968  to  1*029  as  extremes,  the 
general  mean  of  all  being  0*993. 

The  mean  of  the  means  obtained  by  the  first  and 
third  methods  gave  a  coeflScient  of  nearly  unity,  which 
was  therefore  adopted  for  the  instrument  under  trial. 

Having  thus  securely  determined  the  amount  of  dis- 
charge passing  down  the  canal  of  experiment  at  any 
time,  the  levels  of  the  water  surface  and  its  inclination 
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being  attainable  also  at  any  time  with  exactitude,  the 
sectional  area  at  any  point  being  also  known,  and  the 
coefficient  of  reduction  for  the  current-tube  being  deter- 
mined so  exactly  that  any  velocity  observed  by  means 
of  it  was  absolutely  correct,  the  experiments  for  obtain- 
ing coefficients  of  discharge  under  different  conditions, 
and  for  obtaining  the  ratio  of  the  maximum  velocity  in 
a  section  to  that  of  the  mean  velocity  of  discbarge  in 
open  channels  were  undertaken. 

The  principal  results  of  these  experiments. 

The  first  was  the  determination  of  the  coefficient  A 

R  Sf 
in  the  formula  il= -=5-  where  R  is  the  mean  hydraulic 

radius,  S  the  inclination  of  the  water  surface,  or  sine  of 
its  slope  in  one  m^tre,  and  U  is  the  mean  velocity  of  dis- 
charge. 

The  coefficient  was  considered  to  vary  in  four  cate- 
gories of  channel. 

1st — ^When  the  bed  and  banks  of  the  channel  are 
made  of  well-planed  plank,  or  of  cement : 


c,=0-00015  (1  +  ^) 


the  data  on  which  this  was  based  are  those  of  series  Na 
2  of  Bazin's  experiments,  those  of  the  Aqueduc  des  fon- 
taines  de  Dijon  of  d'Arcy,  and  those  of  Baumgarten  on 
the  Canal  Roquefavour. 

2nd. — For  bed  and  sides  of  ordinary  plank,  brick- 
work, or  ashlar : 

c,=0-00019  (1  +  ^) 
the  data  on  which  this  was  based  were,  for  plank  twelve 
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series  of  experiments  of  Bazin,  and  twenty-nine  of 
Dubuat ;  for  brickwork,  the  series  of  experiments  No.  3 
of  Bazin  ;  for  ashlar,  those  of  the  Rigole  Mar^e  de  Tillot, 
the  Aqueduct  of  Cran,  and  the  series  No.  3  of  experi- 
ments of  Bazin. 

3rd. — For  channels  of  rubble  : 

0-25' 


c,  =  0-00024  (\  +  ~\ 


this  was  based  on  Bazin's  experiments  on  the  Rigoles  de 
Grosbois,  and  the  Marseilles  Canal. 
4th. — For  earthen  channels  : 

1-25 


c  =0-00028 


('  -  '-¥) 


the  experiments  on  which  this  was  based  were  those  of 
d'Arcy  and  Bazin  on  the  Rigoles  of  Chazilly  and  Gros- 
bois, on  the  Marseilles  Canal,  the  Canal  du  Jard,  those 
of  Dubuat  on  the  Hayne,  of  Funk  on  the  Weser,  and 
those  of  various  engineers  of  the  French  Fonts  et  Chaus- 
sies  on  the  Seine  and  Sa6ne. 

The  second   result  was  the  following  formula  for 
velocity : 

V  =  the  mean  velocity  of  discharge. 

V^  =  the  maximum  velocity  observed  in  the  section. 

^*=  1  f  UV^or  F,— F=14A/^ftSr 

or  in  the  form  most  useful  in  the  cases  in  which  maxi- 
mum velocities  are  observed  as  data  for  gauging, 

F=F,-14VjBS. 

Using  values  of  c,  from  0*00015  to  0*003  ^^  correspond- 

y 
ing  values  of  ^  become  thus : — 
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; 

X 

0-00015 .  0-854 

0-0005 .  0-762 

0-001 *        .  0-693 

0-002 0-615 

0-003 0-566 

The  above  expression,  involving  terms  not  included 
fn  that  of  De  Prony  for  the  ratio  of  maximum  to  mean 
velocity  of  discharge,  does  not  admit  of  comparison  with 
it ;  but  is  evidently  calculated  to  supersede  it  entirely. 

The  reduction  of  both  of  these  results  to  English 
measures  is  given  in  Chapter  I. 


ID.  The  Gauging  of  Great  Rivers  in  South 

America,  by  J.  J.  Rfiw. 

The  account  of  the  most  recent  operations  in  gauging 
very  large  rivers  conducted  by  J.  J.  R^vy,  given  in 
R^vy's  '  Hydraulics  of  Great  Rivers '  (London,  1874),  in- 
cludes a  description  of  the  method  he  adopted  in  cur- 
rent observations  on  the  Parani,  La  Plata,  Parani  de 
las  Palmas,  and  the  Uruguay,  from  which  the  following 
brief  risumi  of  operations  is  taken. 

It  seems  to  have  been  a  work  of  some  time  and  diffi- 
culty to  find  a  reach  of  the  Parani  sufficiently  straight 
for  conducting  gauging  operations  and  velocity  measure- 
ments ;  a  hundred  miles  of  the  river  were  searched  un- 
successfully, but  at  last  a  reach  straight  for  many  miles 
was  found.  Here  the  river  was  about  a  mile  in  breadth, 
and  the  soundings  showed  from  S  to  71  feet  of  water  ;  a 
gauge  fixed  in  the  stream  did  not  show  a  variation  of 
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level  in  the  water  surface  of  as  much  as  a  quarter  of  an 
inch  in  twenty-four  hours  ;  and  the  inclination  of  the 
water  surface  in  one  mile  was  very  nearly  nothing. 
The  fall  observed  by  levelling  for  one  mile  with  a  14- 
inch  level,  on  equidistant  staves  placed  300  feet  apart, 
was  less  than  001  of  a  foot ;  it  was  therefore  practically 
impossible  under  the  existing  state  of  the  river  bank, 
which  was  not  adapted  for  levelling,  and  with  the  instru- 
ments at  hand,  to  carry  out  levelling  operations  with  any 
effective  result ;  as  it  would  have  involved  ten  miles  of 
levelling  on  passable  ground,  and  probably  required  also 
the  use  of  superior  instruments. 

It  was  found  that  for  the  surveying  and  triangulation 
work,  either  calm  weather  or  clear  weather  with  a  gentle 
breeze  was  absolutely  necessary  ; — for  current  observa- 
tions calm  days  only  allowed  of  operations  being  carried 
on. 

A  base  line  of  3  000  feet  was  measured  on  the  low- 
lying  left  bank  of  the  river,  with  a  steel  tape  of  300  feet ; 
and  lines  were  set  out  at  right  angles  at  each  end  of  it, 
to  give  the  direction  of  a  river-section-line  for  soundings ; 
the  prominent  points  in  the  neighbourhood  and  on  the 
river  bank  were  triangulated  and  tied  into  this  base  line. 

Soundings, — Those  on  the  lines  of  section  were  taken 
with  the  lead  and  cord  ;  the  length  of  cord  was  measured 
with  a  tape  at  each  sounding,  each  of  these  measure- 
ments taking  one  minute  ;  the  position  of  each  sounding 
was  fixed  by  angular  observation,  with  a  3-inch  pocket- 
sextant  giving  readings  to  one  minute,  on  the  two  flags 
one  at  each  end  of  the  base  line.  The  angles  were  ob- 
served in  from  three  to  ten  seconds  each.  The  number 
of  soundings  taken  in  the  section  varied  with  the  neces- 
sity for  them  :  it  was  necessary  to  show,  and  hence  also 

N 
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to  find  the  points  in  the  river  bed  where  there  was  a 
change  of  lateral  slope,  however  many  they  mig^t  be, 
but  in  places  where  this  slope  was  regular  and  gradual, 
the  soundings  were  not  considered  necessary  at  closer 
distances  than  from  one-twentieth  to  one-tenth  of  the 
breadth  of  the  river.  The  section  of  the  Parani,  where 
its  breadth  was  more  than  4  800  feet,  was  sounded  in 
two  hours  and  sixteen  minutes,  after  all  the  preliminary 
arrangements,  drilling  of  the  men,  &c,  had  been  properly 
carried  out.  In  plotting  the  section,  the  position  of  each 
sounding  was  fixed  both  by  means  of  the  complements 
of  the  angles  observed  at  those  points,  and  the  calculated 
distances  from  the  base. 

Velocity  measurements, — These  were  made  with  the 
screw  current-meters  previously  described.  As  the  velo- 
cities had  sometimes  to  be  observed  at  great  depths,  the 
ordinary  method  of  lowering  the  meter  to  its  position  by 
sliding  it  on  an  iron  standard  was  utterly  impracticable, 
and  the  following  mode  was  adopted.  The  current  meter 
was  attached  to  one  end  of  a  horizontal  iron  bar,  9  feet 
long,  2  inches  wide,  and  half  an  inch  thick,  which  was 
suspended  by  chains  passing  through  rings  attached  to 
it  from  a  boat  moored  over  the  required  spot ;  in  order 
also  to  prevent  the  current  from  moving  the  bar  from  its 
proper  position,  cords  from  the  rings  of  the  bar  were  also 
attached  to  other  two  boats,  one  moored  100  yards  up 
stream,  the  other  100  yards  down  stream.  By  these 
means  the  current-meter  could  be  used  with  good  eflfect 
in  water  up  to  100  feet  in  depth,  and  in  currents  up  to  5 
miles  an  hour.  Four  sailors  were  necessary  in  taking 
current  observations  in  this  way.  The  observations  of 
velocity  were  generally  taken  by  an  immersion  of  the 
current-meter  for  about  five  minutes,  the  time  observed 
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by  the  watch  being  generally  a  few  seconds  more  or  less, 
which  were  allowed  for  in  the  resulting  calculated  velocity 
per  minute  ;  a  second  checking  observation  was  also 
generally  made  by  an  immersion  of  one  minute.  The 
instrument  was  put  in  or  thrown  out  of  gear  by  means 
of  a  wire  leading  from  it  up  to  the  boat,  thus  allowing 
or  preventing  the  revolutions  of  the  screw  from  recording 
themselves  on  the  dial  faces  at  any  moment 

In  the  gaugings  carried  out,  observations  of  mean 
verticalic  velocity,  giving  the  mean  velocity  in  any  plane 
from  the  surface  of  tjie  water  to  the  bottom,  seem  to 
have  been  preferred  wherever  practicable.  For  these 
cases,  in  which  it  was  necessary  that  the  current-meter 
should  be  steadily  and  evenly  lowered  to  near  the  bottom 
and  raised  again  to  the  surface,  it  was  found  advisable 
always  to  work  it  from  a  platform  between  two  boats, 
placed  12  feet  apart,  moored  by  four  anchors,  and  to 
have  the  two  suspending  cords  marked  at  every  3  feet 
with  alternately  red  and  white  marks,  as  guides  to  those 
lowering  and  raising  them ;  the  cord  attached  to  the 
down-stream  boat  was  not,  however,  considered  necessary 
in  this  operation,  the  up-stream  cord  preventing  the  in- 
strument from  going  far  out  of  the  vertical  direction.  In 
these  operations  the  instrument  was  put  in  gear  by  hand 
by  tightening  a  nut  on  immersion,  and  put  out  of  gear 
again  in  a  corresponding  manner  on  withdrawal  from 
the  water.  In  taking  surface  velocity  observations,  the 
current- meter  was  screwed  on  to  a  wooden  staff,  3  inches 
wide  and  half  an  inch  thick  ;  the  revolutions  of  the  screw 
continuing  after  withdrawal  from  the  water  being  at  once 
stopped  by  hand  so  as  not  to  vitiate  the  record  on  the 
dial-face. 

The  determination  of  the  equation  of  correction  for  each 

N  2 
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current-meter  was  conducted  in  the  following  way.  It 
was  tested  at  a  low  velocity  by  drawing  it  through  a  dis- 
tance of  189'  6"  in  the  still  water  of  a  reservoir  in  a  time 
of  2'  ZQl'  giving  a  velocity  of  75*9  feet  per  minute ;  the 
average  of  these  trials  gave  a  recorded  number  of  revo- 
lutions of  172,  or  68*8  per  minute  :  in  the  same  way  also 
it  was  tested  at  a  high  velocity,  and  showed  176"  13  re- 
volutions per  minute  for  a  speed  of  183*64  feet  per 
minute.  The  equation  of  correction  being  that  of  a 
straight  line,  two  points  alone  are  necessary  to  determine 
it :  on  referring  these  to  rectangular  co-ordinates  on  a 
diagram,  and  joining  them,  the  true  velocity  correspond- 
ing to  any  number  of  revolutions  of  the  instrument  could 
be  scaled  off  from  the  rectangular  co-ordinates  to  the  re- 
sulting straight  line.  Or  taking  it  algebraically,  if  x  and 
^,  x^  and  2/,,  be  the  corresponding  pairs  of  co-ordinates 
for  low  and  for  high  velocity, 

then  y—ax-\-hy  and  yi=aXj-|-6; 

r/tiere  a  =  ?^LlJ^ =0-9962, 
ajj — X 

and  h  =2(yi  +  y—aa;i  +  a;)=— 6-811 ; 

hence  y= 0-9962  a;— 6-811, 

or  in  the  form  more  useful  for  obtaining  the  true  velocity* 
X,  from  the  number  of  revolutions,  y, 

aj=100381y  + 6-837. 

On  applying  to  this  equation  a  value  of  y=0,  we  obtain 
as  a  result  that  this  particular  instrument  would  cease  to 
record  revolutions  for  a  velocity  of  less  than  6*137  feet 
per  minute. 

Hourly  Observations.— \n  consequence  of  the  rivers 
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observed  being  tidal,  and  having  a  variable  current,  it 
was  necessary  to  moor  a  permanent  observatory  at  a 
convenient  point  in  the  deep  part  of  the  river  on  the  line 
of  section,  and  make  hourly  observations  of  the  current 
from  it  throughout  the  day  and  night  The  tidal  rise 
and  fall  was  also  registered  at  every  quarter  of  an  hour  ; 
barometric,  thermometric,  and  wind  observations  were 
also  recorded. 

The  current  observations,  both  surface,  mean,  and 
sub-surface,  were  taken  with  R^vy's  current-meter  from 
a  small  boat  moored  temporarily  fore  and  aft  on  the  line 
of  section  already  sounded,  its  position  in  each  case  being 
determined  by  angular  measurement  with  a  pocket  sex- 
tant on  the  extremities  of  the  base  line,  which  fixed  it 
within  a  few  inches.  For  this  work  two  sailors,  two 
anchors,  and  several  hundred  yards  of  line  were  neces- 
sary. The  current  observations  were  taken  at  the  surface, 
and  at  depths  of  4,  7,  10,  16,  and  23  feet,  the  latter  being 
one  foot  above  the  bottom.  The  mean  current  observa- 
tions were  made  three  times  in  each  case,  and  were 
found  to  check  each  other  within  \6  foot  per  minute  in 
observations  giving  80  feet  per  minute.  The  time  of  day 
of  the  current  observations  was  always  noted,  and  check 
observations  were  also  taken  from  a  fixed  level,  so  that 
the  observed  tidal  variation  might  be  applied,  and  the 
effect  of  the  tidal  wave— a  disturbing  cause  far  greater 
than  that  due  to  the  inclination  of  the  water  surface  in 
the  cases  of  these  rivers— thoroughly  investigated. 

A  convenient  mode  was  adopted  for  testing  the 
straightness  of  the  reach  of  the  river  at  the  section  in 
which  the  velocities  were  observed.  The  centre  of 
gravity  of  the  river  section  was  found  and  marked  on 
the  drawing,  and  also  the  centre  of  gravity  of  a  section 
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whose  depths  represented  the  surface  currents  in  any 
convenient  mode,  either  feet  per  minute  or  per  second  ; 
the  horizontal  distance  apart  of  these  two  centres  of 
gravity  indicated  the  amount  of  effect  of  a  bend  in  the 
reach  at  that  section.  In  the  Rosario  section  of  the 
Paranei  this  was  ^^  of  the  width  of  the  river,  and  the 
section  was  considered  favourable  ;  in  the  Palmas  section 
it  was  as  much  as  ^^y  the  width  of  the  river,  and  this  was 
not  considered  favourable.  In  cases  where  a  very  straight 
reach  is  not  to  be  obtained,  the  position  of  a  section  of 
observation  is  recommended  to  be  taken  at  the  point 
of  contrary  flexure  of  two  reaches  curving  in  opposite 
directions. 

Conclusions, — The  conclusions  arrived  at  by  M.  R^vy 
from  his  study  of  the  current  observations  on  the  La  Plata, 
Parang,  Parani  de  las  Palmas,  and  Uruguay,  were — 

1st.  That  at  a  given  inclination  surface  currents  are 
governed  by  depths  alone,  and  are  proportional  to  the 
latter.  2nd.  That  the  current  at  the  bottom  of  a  river 
increases  more  rapidly  than  at  the  surface.  3rd.  That 
for  the  same  surface  current  the  bottom  current  will  be 
greater  with  the  greater  depth.  4th.  That  the  mean 
current  is  the  actual  arithmetic  mean  between  that  at  the 
surface  and  that  at  the  bottom.  5th.  That  the  greatest 
current  is  always  at  the  surface,  and  the  smallest  at  the 
bottom  ;  and  that  as  the  depth  increases,  or  the  surface 
current  becomes  greater,  they  become  more  equal,  until 
in  great  depths  and  strong  currents  they  practically  be- 
come substantially  alike. 

Remarks,— ^'DxG,  consideration  of  the  foregoing  rhumi^ 
as  well  as  the  study  of  the  original  books,  leads  to  the 
further  conclusions — that  these  observations  and  experi- 
ments on  tidal  rivers  have  yet  thrown  no  light  whatever 
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on  the  laws  of  velocity  in  ordinary  rivers  unaffected  by 
tidal  currents,  the  two  matters  being  distinct  and  sepa- 
rate ;  that  a  more  complete  account  of  the  tidal  action 
on  these  South  American  rivers  might  have  rendered 
the  records  valuable  and  useful ;  and  that  the  further 
perfection  of  the  Woltmann  meter  or  water-mill  by  M. 
R^vy  proves  its  suitability, to  gauging  operations  on  a 
large  scale. 

II.   Captain  Cunningham's  Experiments  on 

Large  Canals. 

The  sites  at  which  the  experiments  were  made  were 
those  mentioned  in  the  Table  on  the  next  page,  this 
Table  also  describing  generally  their  conditions,  and 
mentioning  the  period  over  which  the  experiments  were 
conducted  at  each. 

An  examination  of  the  longitudinal  sections  at  these 
reaches  shows  extreme  irregularity  of  bed,  deep  scouring 
and  high  silting  in  various  places,  and  considerable  de- 
parture from  the  original  bed  slopes  ;  in  this  respect  the 
conditions  were  extremely  unfavourable.  The  cross 
sections,  however,  were  moderately  regular  in  form,  and 
portions  of  reaches  in  which  no  general  depression 
occurred  were  invariably  selected.  The  supply  of  the 
canals  was  very  variable  ;  the  requisite  control  over  the 
water  was  effected  at  the  falls  at  the  tail  of  each  reach 
by  raising  or  lowering  the  crest  with  balks  of  timber. 
Gauges,  either  permanent  or  temporary,  were  set  up  at 
each  site,  and  soundings  taken  at  each  cross-section  of 
observation.  The  sections  in  earth  were  mostly  rough 
trapezoids,  or  coarsely  formed  sections  ;  those  in  the 
aqueduct  were  either  simple  or  stepped  approximate 
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Table  of  Sites  of  Observation  on  the  Ganges  Canal  and  its 

branches. 


1 

8 

i& 

Channel 

Site 

Maximu 
Depth 

Maximu 
Discha 

SeaHmoT 
Experiment 

Bed 

Banlu 

ft. 

ft. 

cub.  ft. 

Fifteenth 

per  sec 

mile  .    . 

i6o 

12 

7000 

Earth 

Earth 

March  to  May, 
1878;  Novem- 
ber and  De- 
cember, 1878 ; 
April,  1879 

150 

I2i 

7000 

Clay  and 

Masonry 

August,       1876, 

Solani  em- 

boulders 

steps 

to    December, 

bankment 

• 

1878 ;     April, 

sites 

1879 

Uso 

III 

7000 

>f 

>> 

December,  1874, 
to  '  January, 
1875 

^85 

10 

3500 

Masonry 

Masonry 
vertical 

December,  1874, 
to  April,  1875 ; 

Solani  twin 
aqueducts 

■1 

February, 
1877,  to  De- 
cember, 1878: 
April,  1879 

185 

10 

3500 

» 

>> 

February,  1875  J 
December, 
1875,  to  De- 
cember, 1S78; 
April,  1879 

Bebra  .    . 

180 

IIJ 

6500 

Earth 

Masonry 
slope 

Jan  uary  t  0 
March,  1879 

Jaoli     .     . 

185 

10^ 

6500 

>« 

>> 

Kamhera  . 

55 

6 

980 

Earth 

»» 

Right  Jaoli 

16 

4i 

190 

>> 

March,  1879 

Mansurpur 

10 

4 

80 

>> 

»» 

Miranpur  . 

II 

3i 

80 

»» 

II 

Punora.     . 

9 

5 

85 

>» 

i> 

rectangles,  the  Steps  of  14-inch  tread  and  12-inch  rise 
not  continuing  down  to  the  bed,  but  terminating  verti- 
cally. 

The  range  of  external  conditions  under  which  the 
observations  were  carried  out  at  the  two  principal  sites. 
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the  main  Solani  embankment  and  the  Solani  right 
aqueduct,  was  extremely  great — with  high  and  low  sur- 
face gradients,  high  and  low  water,  and  through  great 
range  of  regulation  at  both  the  head  and  the  tail  of  each 
reach  ;  this  rendered  the  results  in  these  two  cases  highly 
valuable.  The  experiments  on  channels  in  earth  were 
not  carried  out  under  such  an  extensive  range  of  condi- 
tions, and  afforded  far  less  valuable  results :  extended 
experiment  on  them  is  yet  a  desideratum. 

Proceeding  to  details  and  remarks  on  the  velocity 
measurements :  the  terms  adopted  for  velocities  of 
various  sorts  by  Captain  Cunningham  have  the  merit 
of  great  clearness.  Taking  a;,  y,  0  as  co-ordinates  of 
length  along  current,  across  it,  and  in  depth  respectively, 
\  for  depth,  h  for  breadth,  A  for  area,  and  t  for  time, 
the  velocities  of  different  sorts  are  thus  distinguished  : 

1.  Average  velocity  at  any  point : 

V  or  XvH-^i, 

2.  Float  velocity,  the  mean  of  forward  velocities  or 
resolved  parts  of  velocities  parallel  to  the  current  axis 
through  any  point  in  a  cross-section  : 

Vox  Xvdx-^x, 

3.  Mean  velocity  past  a  vertical : 

Vox     v^«-f-A. 
0] 

4.  Mean  velocity  past  a  transversal : 

i7or    Wy-H6. 

5.  Mean  sectional  velocity : 

For       ^hySz-^A. 
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In  discussing  the  subject  of  instruments  for  measur- 
ing velocity,  the  obliquity  and  crookedness  of  the  course 
of  a  float  is  not  considered  objectionable,  as  its  actual 
motion  gives  a  representative  forward  velocity  ;  but  while 
the  opinion  that  all  floats  and  many  velocity- meters 
afford  a  correct  average  of  velocities  during  the  time  of 
actual  observation  may  be  correct,  the  objection  that  the 
result  is  not  true  for  any  single  instant  of  time  is  not 
noticed.  Among  the  enumerated  advantages  of  floats 
are  that  they  afford  direct  measurement  of  velocity, 
interfere  little  with  the  current,  are  not  liable  to  injury, 
may  be  easily  repaired,  are  cheap,  and  may  be  used  in 
streams  of  any  size.  The  nearest  approach  to  the  edge 
of  a  bank  possible  with  floats  was  found  to  be  about  7 
inches.  The  sites  of  the  experiments  being  very  favour- 
able to  the  use  of  floats,  they  were  exclusively  used  in  all 
the  systematic  work. 

At  each  site  of  observation  an  upper  and  a  lower 
rope  were  strained  across  the  channel,  to  mark  the  ex- 
tremities of  the  reach  under  experiments,  and  cord  pen- 
dants were  attached  to  these  wire  ropes  at  fixed  distances 
suited  to  the  intended  paths  of  the  floats  ;  the  float 
velocities  obtained  were  treated  as  actual  velocities  at 
the  middle  point  of  the  float  course.  The  deviation 
admissible  from  the  float  course  was,  in  channels  1 50  ft 
wide  and  upwards,  2  ft ;  in  those  of  70  ft.  wide  and  up- 
wards, I  ft.  ;  and  in  those  of  25  ft,  ^  ft ;  the  utmost  devia- 
tion being  allowed  only  about  the  middle  of  the  course ; 
near  edges  and  bar^s  a  less  deviation  was  allowed,  about 
a  third  of  the  above.  The  dead  run  of  the  floats  above 
the  upper  rope  to  allow  of  relative  equilibrium  being 
established  before  timing  was  generally  100  ft ;  but  in 
narrow  channels  50  ft     Moored  boats  were  necessary 
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for  casting  and  catching  the  floats,  the  number  of  men 
in  each  field-party  with  the  boats  and  floats  varied  from 
thirteen  to  nine  men. 

Tfu  timing  was  managed  by  two  thoroughly  trained 
observers,  a  caller  who  watched  the  floats,  and  called  as 
each  float  passed  the  upper  rope,  then  ran  to  the  lower 
rope,  and  called  again  just  when  each  float  passed  the 
lower  rope ;  the  observer  sat  with  a  field-book  and  a 
loud  half-seconds  chronometer  at  a  midway  place,  and 
recorded  the  times  by  ear  alone.  The  maximum  error 
admissible  was  half  a  second.  In  this  respect  there  was 
a  great  improvement  on  the  timing  by  watch  adopted  in 
the  International  Rhine  observations.  The  usual  length 
of  run  adopted  was  30  ft.  ;  in  exceptional  cases,  where 
the  tendency  to  deviation  of  the  floats  from  their  courses 
was  greater,  a  23  ft.  run  was  preferred.  Three  timings 
were  made  and  recorded,  and  the  mean  taken  ;  all  defec- 
tive observations  were  rejected  instantly  in  the  field  ; 
the  force  of  wind  and  the  gauge-reading  were  invariably 
recorded  with  each  set,  as  well  as  the  distance  of  the 
float  paths  to  right  and  left  from  the  middle  of  the 
stream,  the  breadth  of  water  surface,  and  the  sizes  of  the 
floats  or  tinned  tubes  used.  The  speed  of  these  timing 
observations  was  much  affected  by  the  number  of 
float  courses  that  turned  out  bad  ;  as  several  floats 
were  oflen  used  unsuccessfully  in  one  set  on  one  float 
course.  The  deduced  velocities  were  taken  out  to 
hundredths  of  a  foot  per  second,  the  hundredths  being 
treated  as  approximately  correct  The  velocity  of  5  ft 
per  second  was  considered  unusually  high  ;  the  maxi- 
mum error  in  such  high  velocities,  due  to  half  a  second 
in  observation,  was  therefore  one-twentieth  or  5  per  cent, 
and  in  low  velocities  of  i  ft  per  second  one  per  cent 
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As  to  gauges^  both  still-  and  free-water  gauges  were 
adopted  at  various  sites,  and  these  were  either  permanent 
or  temporary.  In  the  permanent  still-water  gauges  a 
pool  with  fine  passages  of  communication  afforded  a  good 
place  for  the  gauge  ;  for  temporary  still-water  gauges,  a 
3  in.  stand-pipe  was  erected  in  the  bank,  and  made  to 
communicate  with  the  water  by  a  ^  in.  lead  pipe  with  a 
contracted  nozzle  ;  float  sticks  of  3  ft,  6  ft,  and  10  ft., 
were  used  with  indicators  for  convenience  in  reading. 
The  oscillations  of  the  water  in  free-water  gauges  were 
troublesome,  especially  in  high  wind ;  the  practice  was 
to  observe  the  maximum  and  minimum  reading  in  half 
a  minute,  and  to  use  the  mean  ;  with  temporary  free- 
water  gauges  the  difficulty  was  higher,  the  plan  adopted 
was  to  make  firm  bench-marks  less  than  a  foot  below 
the  temporary  water  surface,  and  scale  depth  to  surface 
with  a  brass  rule  having  its  thin  edge  directed  up-stream. 
Free-water  levels  were  proved  to  be  slightly  above  still- 
water  levels.  The  average  of  water-level  at  both  banks 
of  a  section  was  invariably  determined  and  used ;  the 
differences  of  level  frequently  being  very  marked  and 
much  affected  by  the  wind.  Gauge-readings  were  made 
at  the  beginning  and  end  of  each  set  of  observations  and 
the  mean  adopted. 

Soundings  were  taken  both  along  the  cross-section 
and  along  the  courses,  and  at  distances  50  ft.  apart  in 
wide  channels,  and  at  23  ft.  apart  in  small  channels ; 
these  had  to  be  repeated  after  any  presumed  change  in 
the  bed  and  banks,  and  the  average  depths  were  made 
dependent  on  the  mean  water-level.  The  sounding  rods 
were  wooden  rods  i  \  in.  square,  and  from  11  ft  to  15  ft 
long,  protected  by  iron  shoes  and  having  rings  above  for 
convenience  in  withdrawal.     The  readings  were  seen  by 
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an  observer  on  the  bank  and  read  to  a  tenth  of  a  foot, 
occasionally  even  this  could  not  be  done  with  certainty. 

Both  the  direction  and  the  force  of  the  wind  was 
recorded  at  the  beginning  and  end  of  each  set  of  observa- 
tions ;  but  the  anemometers  did  not  compare  favourably ; 
and  the  wind  data  obtained  can  only  be  looked  on  as  a 
rough  estimate  of  the  wind.  The  reduced  levels  were 
referred  to  the  datum  of  mean  sea  level  at  Karachi  ;  all 
special  levelling  was  done  twice  over  with  an  excellent 
20  in.  level,  and  no  discrepancies  exceeding  00 1  ft.  were 
allowed.  The  computation  of  the  final  hydraulic  ele- 
ments from  the  observed  data  was  exceedingly  laborious  ; 
but  that,  as  well  as  all  work  admitting  of  check,  was 
verified  by  two  persons  independently. 

Unsteadiness  of  motion  producing  variation  in 
velocity  was  investigated,  and  a  large  series  of  experi- 
ments tabulated  to  demonstrate  the  effect ;  the  conclu- 
sion being  that  the  amount  of  velocity  variation  at  one 
and  the  same  point  is  liable  to  be  at  least  25  per  cent 
of  the  mean  value.  Under  such  circumstances  single  or 
detached  velocity  observations  are  nearly  valueless  ;  but 
the  assumption  that  synchronous  measurement  cannot 
possibly  be  secured  in  actual  practice  is  perhaps  over- 
stated ;  it  would  certainly  be  very  expensive.  Falling 
back  then  on  average  velocities,  the  conclusion  is  applied 
that  averages  should  be  formed  from  about  fifty  values  ; 
the  course  of  the  four  years*  experiments  was  accordingly 
entirely  regulated  on  that  basis,  and  the  measurements 
done  in  groups. 

TJu  systematic  float  velocity-measurements  were  also 
made  in  as  rapid  a  succession  as  possible  on  either  a 
vertical  or  on  a  transverse  axis,  in  groups  of  three  at 
each  point,  thus : 
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On  a  vertical. 
At  surface. 
At  a  depth  of  I  ft. 
At  a  depth  of  2  ft. 
&c. 
At  the  point  near  to  the  bed. 


On  a  trantvenaL 
At  the  point  near  left  bank. 
At  next  point 

Al  point  nearest  ri^ht  bank. 


Also  six  rod  velocities,  the  whole  forming  a  set  The 
only  other  systematic  velocity  work  was  central  surface 
velocity  measurements,  which  were  done  in  groups  of 
48  in  as  rapid  a  succession  as  possible,  thus  forming  a 
set  of  another  sort  Sets  were  then  taken  up  in  succes- 
sion under  nearly  similar  external  conditions,  so  long  as 
the  water-level  remained  nearly  constant  and  the  wind 
moderate,  up  to  a  limit  of  about  sixteen  sets.  But  if  the 
water-level  changed  more  than  ci  ft.,  or  the  wind  ex- 
ceeded 15  ft.  per  second,  the  field  work  was  usually 
closed. 

Such  sets  as  were  executed  in  sequence  were  then 
combined  into  one  series  by  tabulation  on  the  same 
sheet,  each  series  admitting  a  maximum  range  of  water- 
level  of  0*3  ft,  irrespective  of  the  state  of  the  wind,  and 
only  to  some  extent  irrespective  of  the  surface  slope  at 
the  site.  This  careful  mode  of  combination  is  a  great 
advancement  on  the  method  often  adopted  elsewhere  of 
combining  sets  on  different  verticals  in  all  depths  of 
water,  and  sometimes  even  at  different  sites. 

A  conclusion  drawn  from  the  plotting  of  these  sets 
is  valuable.  Notwithstanding  unsteady  motion,  the 
average  velocity  at  a  point  is  probably  constant  under 
similar  external  conditions,  any  departures  from  this 
law  shown  in  the  velocity  curves  being  due  to  insuffi- 
ciency of  velocity  observations,  to  irregularity  of  contour 
of  bed  and  banks  at  the  site,  or  to  irregularity  of  the 
channel   above   and  below  the   site.     The   recognition, 
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however,  of  unsteady  motion  being  the  ordinary  normal 
condition  of  flow,  and  of  the  vertical  interlacing  of 
stream  lines,  is  strongly  insisted  on. 

With  regard  to  longitudinal  slopes.  First,  as  the 
bed  slopes  were  very  irregular,  an  average  bed  slope, 
equal  to  the  fall  between  two  adjacent  permanent  floor- 
ings divided  by  the  distance  between  them,  became  the 
only  representatively  useful  quantity.  Both  the  average 
surface  slope  of  the  water  for  a  long  distance  above  and 
below  any  site,  and  the  local  surface  slope  at  the  site, 
were  always  determined  with  great  precision,  the  surface 
slope  per  i  000  never  exceeding  048  ;  it  was  a  matter 
of  extreme  delicacy,  in  which  the  reference  to  water- 
level  was  more  important  This  was  done  simultaneously 
by  two  observers  in  calm  weather  on  each  bank,  in  some 
cases  only.  The  condition  that  the  real  surface  slopes 
at  opposite  banks  are  not  generally  equal  was  not  fully 
recognised  till  a  late  period.  The  amount  of  surface 
fall  deduced  from  gauge  readings  above  and  below  site, 
supplemented  the  slopes  deduced*  by  levelling,  but  was 
in  many  cases  imperfect  from  the  conditions  of  control 
of  the  reach.  The  conclusions  derived  from  the  diagrams 
of  surface  gradients  are  that  the  local  surface  slope  de- 
pends jointly  on  the  surface  falls  both  above  and  below, 
but  that  the  latter  by  no  means  suffice  to  indicate  the 
former.  It  is  also  observed  that  the  mean  velocity  and 
discharge  at  any  site  was  more  dependent  on  the  value 
of  the  surface  slope  than  any  other  element. 

Surface  convexity  received  the  attention  of  Captain 
Cunningham.  Noticing  the  theory  that  the  pressure  in 
a  fluid  in  motion  is  always  less  than  the  mere  hydrostatic 
pressure,  and  comparatively  less  with  more  velocity,  and 
the  opinion  that  lateral  motion  would  sectionally  enforce 
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a  convexity  in  the  middle,  and  thus  form  an  accumu- 
lative layer  above  the  locus  of  maximum  velocity  of  the 
section,  he  remarks  that  the  above  is  true,  excepting  the 
sectional  convexity,  which  is  almost  wholly  wanting. 
The  observations  for  convexity  were  exceedingly  deli- 
cate and  tedious ;  yet  from  a  series  of  them,  made  at 
the  Solani  embankment  main  site,  the  conclusion  was 
drawn  *  that  the  surface  of  water  in  motion  in  a  long 
straight  reach  with  tolerably  uniform  bank  is,  on  the 
average,  nearly  level  across.' 

Such  a  general  law  seems  almost  unaccountable  by 
abstract  reasoning,  and  may  be  true  only  for  special 
conditions  and  circumstances,  probably  under  peculiar 
irregularities  of  bed  above  and  at  the  site  ;  but  the 
deduction  is  one  that  cannot  be  set  aside,  although  it 
undoubtedly  requires  the  light  of  further  and  extended 
special  experiment  under  higher  velocities,  and  with 
strictly  uniform  conditions  of  bed  and  of  section. 

While  concluding  this  notice  of  the  preliminary 
conditions  under  which  the  experiments  were  made — 
conditions  sufficiently  involved  and  irregular  to  deter 
the  most  arduous  of  hydraulic  enthusiasts — we  may 
notice  that  it  seems  surprising  that  the  Government 
did  not  make  some  grant  for  largely  improving  and 
rendering  regular  the  beds  of  the  canal  in  the  vicinity  of 
the  sites  before  experiment ;  also  that  a  bolder  compre- 
hensive method  of  meeting  the  expenditure  would  have 
been  conducive  to  continuous  work.  The  straining 
against  difficulties,  as  well  as  the  labours  of  the  under- 
taking, had  to  be  met  by  the  unsparing  energies  of  the 
experimentalist ;  and  though  under  such  circumstances 
results  redound  more  greatly  to  credit,  it  is  much  to  be 
deplored  that  his  efforts  were  thus  fettered. 
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Continuing  to  verticalic  velocity  r^^rz^^j,  or  observations 
of  velocity  past  a  vertical,  it  may  be  noticed  that  all  sub- 
surface velocities  were  obtained  by  timing  double  floats. 
These  were  of  two  patterns,  one  a  ball  of  acacia  wood, 
3  in.  in  diameter,  boiled  in  oil  and  loaded  with  lead  ;  to 
this  a  surface  cork  disc,  2  in.  in  diameter  and  f  in.  thick, 
was  attached  by  a  brass  wire  o*oi2  in.  thick ;  the  other 
a  shell  of  copper  002  in.  thick,  if  in.  in  diameter, loaded 
with  lead  ;  to  this  a  cork  surface  disc,  i  in.  in  diameter, 
i  in.  thick,  was  attached  by  an  oiled  silk  thread  -^  in. 
thick.  Velocities  being  observed  at  every  foot  of  depth, 
as  many  as  ninety  floats  were  used  in  a  set,  and  three 
observations  were  made  at  every  point ;  defective  courses 
were  made  up  by  subsequent  courses,  and  the  mode  of 
timing  was  that  already  described  with  surface  floats  and 
rods.  The  velocities  were  plotted  to  vertical  axes,  mostly 
central  verticals,  on  a  scale  exaggerated  ten  times  for  the 
velocity  ordinates  ;  the  curves  formed  were  approximate 
parabolas,  having  general  features  agreeing  closely  with 
the  similar  cases  of  Bazin  on  a  smaller  scale  ;  the  errors 
due  to  the  employment  of  floats  are  such  as  to  produce 
curves  flatter  than  they  should  be.  From  these  were  com- 
puted the  mid-depth  velocities  Vi^,  the  bed  velocities  v^ 
and  the  mean  velocities  F. 

The  mid-depth  velocity  at  every  vertical  was  found 
to  be  subject  to  great  and  rapid  variation  ;  thus  disproving 
the  assumption  of  constancy  asserted  in  the  Mississippi 
Report,  for  which  no  proof  was  afforded  by  observations  ; 
but  its  variability  was  proved  to  be  less  than  that  of  either 
the  surface  velocity  or  the  bed  velocity.  It  was  also  dis- 
covered that  any  marked  increase  or  decrease  of  either 
the  surface,  the  maximum,  or  the  mean  velocity  was  ac- 
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companied  on  the  whole  by  increase  or  decrease  of  the 
whole  of  the  velocities  on  the  same  vertical. 

The  calculation  of  the  parabolic  elements  of  the 
velocity  parabolas  was  thus  effected : 

Taking  the  two  general  formulae,  Z^  =  p  (F— v^), 
p(v^^v)=z^-'2Z  z,  where  Z  is  the  depth  of  maximum 
velocity,  p  is  the  parameter,  z  the  depth  to  any  point,  the 
known  values  being  v^,  v^^  v„  corresponding  to  0,  ^l,  I  ; 

these  were  substituted  for  v  and  for  z  in  the  above  and 
the  equations  solved  for  p,  Z,  and  V,     Thence 

P 

pz 


2  2t;^.-K-hv,y 


The  parabolas  determined  by  each  group  of  three  data 
being  usually  different,  the  most  probable  parabola  was 
determined  by  the  method  of  least  squares,  a  mode 
laborious  but  correct  An  investigation  of  parameter 
variation  showed  that  the  data  did  not  admit  of  sufficient 
accuracy  in  the  determination  of  the  value  ofp  to  enable 
its  dependence  on  the  external  conditions  to  be  traced. 
The  depression  of  the  line  of  maximum  velocity  is  shown 
to  be  not  sensibly  affected  by  the  wind  but  largely  due 
to  air  resistance,  and  dependent  on  the  surface  slope 
near  the  site,  but  the  quantitative  connection  cannot  yet 
be  traced. 

The  summation  of  velocity  past  a  vertical  was 
effected  through  various  combinations  of  the  trapezoidal, 
Simson's,  cubic,  and  Weddle's  rules,  suited  to  the 
number  (n)  of  equal  spaces  (fc) ;  of  which  the  following 
are  the  general  expressions. 
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J(;{(«,  +  w.)  +  4{v,+  ...  +v,-,)  +  2K+  ..■  +v..»)} 
|i:{(w,+«,)+2CVj+v,_j)+3(w,+«,+v,+ra+&c.+«,_,+V^,)} 
-^ij(v^  +  v,+  . .  .  +v..,  +  i>0  +  C^'i+  •  ■  ■  +f,-,) 
+  5(v,+v,+  . . .  +v„_,+v„_,)} 
The  deductions  with  regard  to  mean  velocity  (C^past 
a  vertical  are  that  its  line  is  always  below  mid-depth,  but 
that  it  cannot  be  directly  measured  in  practice  by  any 
single  velocity  observation  ;  that  the  mean  velocity  past 
a  central  vertical  is  dependent  on  the  surface  fall  in  the 
upper  sub-reach,  but  cannot  be  deduced  from  it  better 
than  from  any  primary  velocity.     It  may  be  deduced 
from  two  velocities  by  the  following  formulx  : 

or  p■=|C4l;JH-^3w.B), 

of  which  the  first  is  considered  the  most  convenient 

The  value  of  V  may  also  be  obtained  from  a  single  ob- 
servation with  a  loaded  rod  in  depths  not  more  than  1 5  ft 
The  rods  preferred  and  mostly  used  were  i-in.  tin 
tubes  painted  and  marked  for  immersion,  loaded  with 
fixed  iron,  and  adjusted  with  shot ;  they  were  made  in 
sets  of  fixed  length,  but  wooden  rods  were  also  used  in 
shallow  water.  The  bed  and  banks  had  sometimes  to 
be  dressed  to  admit  of  tube  observation.  The  tube  velo- 
cities were  compared  with  double-float  velocities  for  pur- 
poses of  experimental  test.  An  investigation  of  the 
theory  of  rod  motion  results  in  a  conclusion  that  a  proper 
rod  length  is  from  0'945  to  0927  of  the  full  depth,  when 
the  maximum  velocity  is  at  within  one-third  depth  from 
the  surface,  and  from  0*927  to  og$o  of  it  when  that  is  at 
between  one-third  depth  and  one-haif  depth. 
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Proceeding  to  transverse  velocity  curtfes^  or  curves 
whose  ordinates  are  the  forward  velocities  at  all  points  of 
a  transverse  base  line  in  a  transverse  section,  the  follow- 
ing is  an  abstract  of  the  observations  effected,  which  were 
made  under  varying  conditions  of  water-level  at  each  site. 

Surface  velocities  .     .     lo  series  comprising  109  sets  at  4  sites 
Mid-depth  velocities  .2  „  1 7      „       i    „ 

Bed  velocities   ...       2  „  7      „       i    „ 

Mean  velocities     .    .  100  ,,  581      „     11    „ 

The  surface  velocities  were  observed  with  pine  discs 
3  in.  by  \  in.  ;  the  mid-depth  and  bed  velocities  with  if 
in.  double  floats  ;  the  mean  velocities  with  i-in.  tin  tube 
rods  generally,  and  with  i-in.  wood  rods  in  depths  less 
than  I  ft.    As  the  ordinate  spacing  required  closer  ordi- 
nates where  the  change  of  velocity  was  more  rapid,  the 
transversals  were  divided  into  lengths  or  spaces,  within 
each  of  which  the  sub-spacing  was  equal ;  the  arrangement 
being  symmetrical  to  the  centre  line  of  the  bed  in  every 
case.     The  mode  and  order  of  the  field  work  and  timing 
were   similar  to   those   already   described,  so  also  the 
arrangement  in  sets  and  series.     The  average  velocity 
observations  were  finally  plotted  as  rough  curves  to  each 
transversal,  as  also  the  resulting  means  of  the  primary 
velocities,    at    surface,   mid-depth    and    bed,   and    the 
sectional.     The  notation  here  used  is  :  A=any  depth  ; 
6  =  surface   breadth;  JS= hydraulic  radius;  £"=  central 
depth;    5  =  wet    border;   5=  surface    slope;    and   the 
values  of  these  are  given  with  the  transverse  velocity 
curves  for  each  site.     The  causes  and  conditions  accom- 
panying  local   peculiarities   in   these   curves   are   fully 
entered  into ;  but  the  principal  deductions  made  from 
the  whole  set  of  curves  are  the  following : 
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I.  That  like  curves  are  similar  under  similar  external 
conditions.  2  That  like  curves  with  equal  mean  velocity 
are,  cateris  paribus,  equally  flat.on  the  whole.  3.  Curves 
of  low  velocity  are  flatter  than  those  of  like  kind  of  high 
velocity.  4.  The  flatness  of  a  curve  depends  more  on  the 
mean  velocity  than  on  the  general  depth,  as  shown  by 
comparing  low-water  and  high-water  curves.  5.  Wide 
sides  give  flatter  curves  thoughouL  6.  Sloping  or 
stepped  banks  give  rise  to  sharp  curvature.  7.  Vertical 
banks  give  rise  to  curvature  also,  but  this  is  less  than 
with  the  former,  8.  In  comparing  unlike  curves ;  of  un- 
like curves  under  thesame  external  conditions  at  thesame 
site  of  rectangular  section,  the  mid-depth  curve  is  usually 
the  outer,  the  mean  velocity  curve  intermediate,  and  the 
bed  curve  the  inner.  The  mean  velocity  curve  is  one  of 
the  flattest  and  the  surface  curve  the  most  rounded,  50 
much  so,  that  near  the  banks  the  surface  curve  becomes 
one  of  the  innermost  9.  The  figure  of  a  transverse 
velocity  curve  can  be  determined  with  equal  precision  at 
all  parts  excepting  near  the  edge.  10.  Edge  velocity  is 
assumed  to  be  zero,  but  not  plotted. 

The  attempt  to  arrive  at  a  geometric  figure  for  a 
transverse  velocity  curve  generally  was  eventually  given 
up  as  hopeless ;  but  the  sort  of  curve  most  nearly  pos- 
sessing the  required  properties  is  the  elliptic  curve  of  the 
type  represented  by  the  equation 


©•-(!)•■ 


The  following  were  also  general  conclusions : 

1.  The  figure  of  the  transverse  velocity  curves  is  for 
given  external  conditions  determined  by  the  figure  of 
the  bed. 

2.  The  velocity  (v)  should  be  expressed  not  only  as 
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a  function  of  the  abscissa  (y)  but  also  of  the  depth  {z)  ; 
so  that  the  equation  should  be  of  the  form  t;+  V^fiy^z^ 
&c.)  ;  it  may  also  be  a  function  of  the  average  effective 
distance  from  the  wet  border. 

In  tJie  calculatiofi  of  discJiarges^  the  mode  and  nota- 
tion adopted  were  as  follows.     The  data  used  were  : 

A  system  of  depth  ordinates  H^  in  the  cross-section. 

A  system  of  velocity  ordinates  Uy  in  the  velocity 
curves. 

A  system  of  curve  areas  Dy=Hy  Uy  with  the  same 
abscissae  ±  y  ;  i.e.,  at  the  same  points  of  the  transversal. 

The  quantities  D^^Hy  Uy  were  prepared  by  multi- 
plying separately  every  rod  velocity  *Uy  by  the  average 
depth  Hy  along  the  float  course.  These  so-called  super- 
ficial discharges  Dy  past  the  several  verticals  whose 
abscissae  are  y  are  then  equally  spaced  quantities  used 
in  ordinary  approximation  formulae,  of  which  the  pris- 
moidal  formula  is  one,  to  obtain  the  total  or  cubic  dis- 
charge. The  following  were  the  four  formulae  used  ;  the 
quantities  a,  a,,  a^,  at  equal  spacing  6  to  right  or  left  of 
the  centre  line  being  distinctively  dashed  thus — a\  a'\ 
a/,  a{\  &c. 

1.  Simson*s 

i  6  {«' +  a,')  +  4  «' +  a,')  +  2aJ 

2.  Cubic. 

lM«+«3')-^3K.+«,0} 

3.  Weddle's. 

Jj  6  {(a,"+a,"+a^+a/  +  o,')  +  5(a,"+a„+o,')} 

4.  Simson's  modified. 

where  9  a  missing  quantity =i(#+^  is  between  two 
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adjacent  quantities  M  Ey  these  and  e  being  all  alike  at 
equal  spacing.     This  last  was  convenient  for  such  cases. 

With  a  rectangular  cross-section  the  total  discharge 
^D^H  \  D^  being  the  superficial  discharge  past  the 
mean  velocity  transversal,  or  area  of  mean  velocity  curve. 

The  conclusions  arrived  at  with  regard  to  total  or 
cubic  discharge  were :  That  it  is  sensibly  constant  from 
instant  to  instant,  but  that  at  any  site  it  increases  and 
decreases  rapidly  with  the  rise  and  fall  of  water-level. 
It  is  liable  to  increase  or  deficiency  from  a  cross  wind 
blowing  towards  or  from  the  gauge.  Moseley's  dis- 
charge formula  meets  with  very  strong  condemnation, 
and  its  faultiness  is  clearly  proved  in  a  most  lucid 
manner.  For  comparison  of  discharges  at  successive 
sites,  the  field  work  should  be  either  simultaneous  or  in 
the  same  body  of  water  at  all  the  sites  ;  and  for  those 
from  successive  observation  at  the  same  site,  immediate 
succession  is  desirable.  The  discordance  between  suc- 
cessive comparable  results  under  similar  favourable 
conditions  may  be  expected  to  be  seldom  over  3  per 
cent 

With  regard  to  mean  velocity y  the  following  also  are 
the  conclusions  of  Captain  Cunningham. 

1.  That  the  arithmetic  mean  of  velocities  past  neigh- 
bouring points  on  a  transversal  is  not  the  mid-distance 
velocity,  but  errs  in  defect 

2.  The  mean  velocity  past  a  transversal  and  the  mean 
sectional  velocity  are  less  variable  from  instant  to  instant 
than  most  of  the  individual  velocities,  but  the  former 
varies  sensibly. 

2.  The  mean  sectional  velocity  is  constant  from 
instant  to  instant,  and  more  so  than  the  discharge. 

4.  The  chief  source  of  variability  in  successive  mean 
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velocity-measurements  is  that  each  single  result  is  im- 
perfect, and  this  is  due  to  unsteady  motion. 

5.  The  mean  surface  and  central  surface  velocities 
f7^,  v^  and  also  the  mean  sectional,  central  mean,  and 
central  surface  velocities  (F^,,  fT,  vj,  and  the  quantity 
'JRS  increase  and  decrease  with  either  U  or  S, 

6.  In  high  up  or  down-stream  wind,  surface  velocity 
observations  are  liable  to  be  under  or  over-estimated, 
and  are  quite  unsuitable  for  computation  of  discharge ; 
but  mean-velocity  observation  is  but  little  affected  by 
wind  of  any  sort,  and  error  is  then  attributable  to  an 
abnormal  gauge  reading. 

7.  The  ratio  c=F-h  [7^  generally  increases  with  in^ 
crease  of  depth,  and  probably  with  decrease  of  velocity 
or  surface  slope  ;  but  its  variation  is  obscure,  perhaps 
owing  to  the  effect  of  wind  on  TJ^, 

8.  For  rapid  approximation  to  mean  velocity  a  good 
average  central  mean  velocity  observation  is  at  present 
the  most  reliable  mode. 

9.  The  ratio  c=  F-hIOO  \/EaS  increases  and  decreases 
generally  with  increase  and  decrease  of  iJ,  depends  in 
some  complex  manner  on  S,  and  also  on  the  nature  of 
the  bed  and  banks  at  the  site. 

This  last  conclusion  is  obviously  of  the  highest 
importance  in  its  bearing  on  calculated  velocity  formul(B, 

In  a  careful  examination  of  these  latter.  Captain 
Cunningham  states  that  these  are  all,  with  the  sole 
exception  of  that  of  Herr  Kutter,  quite  untrustworthy, 
and  that  Bazin*s  relation  C5=100(7-f-(100  (7+25-34)  is 
fundamentally  incorrect  as  a  relation  between  c=  F-hv^ 
and  C. 

The  rejected  formulae  among  the  really  old  ones  arc 
those  of  Dubuat,  1786;  Girard,  1803  ;  De  Prony,  1804  ; 
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Young,  1808;  Dupuit,  1848;  SL  Venant,  1851  ;  Ellet, 
1851  ;  and  among  newer  ones,  those  of  Bornemann, 
Hagen,  Gauckler,  Mississippi,  and  Gordon. 

The  only  two  formulae  of  sufficient  value  to  merit 
extended  discussion  were  those  of  Bazin  and  Kutter. 
The  results  of  their  examination  are : 

I.  That  the  fonn  of  the  value  of  C  in  the  Bazio 
formula  is  defective. 


=(-!)-*■ 


This  was  also  Herr  Kutter's  conclusion. 

2.  That  making  £'a  constant  in  the  expression : 

is  not  just,  and  K  varies  from  224  to  99  in  61  cases, 
and  from  170  to  107  in  43  selected  cases  given  by 
Bazin. 

3.  The  effect  of  applying  Bazin's  coefficient  %  to 
central  surface  velocities  r„  is  to  produce  too  low  values 
of  mean  velocity. 

4.  Bazin's  ratio  c^  increases  with  R,  whereas  the  ex- 
perimental values  of^  show  no  signs  of  this. 

5.  For  earthen  channels  Bazin's  ratio  c  is  so  low  as  to 
be  of  little  use. 

Next,  regarding  Kutter's  coefficients  (C»)  ; 

1.  The  formula,  though  complex  and  laborious,  is  the 
best  empirical  formula  yet  proposed  for  calculated  mean 
velocity  (and  hence  for  discharge). 

2.  When  the  surface  slope  measurement  is  a  good 
average,  done  in  calm  air  on  both  banks  on  a  canal  in 
good  train,  0^.  will  give  results  whose  error  will  probably 
seldom  exceed  7^  per  cent  in  lai^e  canals. 
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3.  The  coefficient  of  rugosity  must  be  experimen- 
tally determined  for  each  site. 

It  may  be  here  noticed  that  the  books  of  the  author 
were  employed  by  Captain  Cunningham  to  obtain  values 
on  the  Kutter  system  suited  to  English  purposes,  and  are 
referred  to  repeatedly  ;  and  that  with  reference  to  the 
liability  to  error  of  7 J  per  cent,  in  these  quantities,  it  is 
clear  that  as  discharges  under  favourable  circumstances 
of  experiment  are  allowed  to  be  liable  to  3  per  cent  of 
error,  the  former  being  about  double,  this  proves  a  high 
degree  of  exactitude  for  a  mere  calculated  velocity 
formula,  and  practically  justifies  the  claim  advanced 
in  those  books  to  an  accuracy  within  about  $  per  cent. 

The  above  constitute  the  principal  results  of  Captain 
Cunningham's  experiments. 

In  addition,  much  care  and  experiment  were  devoted 
to  fan  current  meters,  Moore's  and  R^vy's  and  to  im- 
proving them  by  separating  the  recording  portions  from 
the  fans  ;  but  from  uncertainty  of  oriculation,  of  depth, 
of  gearing,  and  of  non-measurement  of  forward  velocity, 
their  employment  was  eventually  considered  simply 
useless.  A  series  of  observations  on  the  effect  of  silt  re- 
sulted in  the  following  conclusions,  that,  i.  There  is  no 
obvious  connection  between  the  velocity  and  the  silt 
density  of  different  parts  of  a  site  ;  the  silt  density  varies 
from  instant  to  instant  at  one  and  the  same  point  2. 
The  silt  density  and  silt  discharge  do  not  appear  to 
depend  sensibly  either  on  the  depth  or  the  velocity  at  a 
site,  but  in  the  Ganges  Canal  they  depend  chiefly  on  the 
silt  admitted  with  the  supply. 

The  observations  on  evaporation  produced  the  fol- 
lowing conclusions :  I.  The  evaporation  from  a  floating 
evaporameter  on  a  large  still-water  surface  or  river  is 
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far  less  than  from  a  small  vessel  on  land.  2.  The 
evaporation  from  the  Ganges  Canal  at  Rurkhi  averages 
about  j^  inch  daily  out  of  the  rainy  season  ;  and  the 
loss  by  evaporation  is  about  y^th  part  of  the  full  supply 
of  the  canal,  or  about  ten  minutes'  full  supply  daily. 

The  main  result  of  the  whole  may  be  expressed  in  a 
few  words,  *  That  most  of  such  hydraulic  results  as  were 
previously  accepted  by  only  the  few  have  now  been  so 
verified  on  a  large  scale  as  to  command  their  acceptation 
by  the  many.' 


12.— General  Remarks  on  Systems  of 

Gauging. 

The  foregoing  brief  accounts  of  the  modes  adopted 
by  various  hydraulicians  in  carrying  out  field  operations 
form  a  far  better  guide  to  the  engineer  about  to  under- 
take the  execution  of  gauging  operations  than  any 
arbitrary  advice,  or  set  of  rules,  could  possibly  be  ;  the 
author  may,  however,  be  permitted  to  make  a  few  re- 
marks in  conclusion.  It  is,  of  course,  assumed  that  the 
most  advisable  mode  of  proceeding  in  one  case  might 
not  be  applicable  to  another,  and  that  the  method  of 
gauging  should  be  suited  to  the  general  object,  the 
place,  and  the  circumstances.  When  the  object  is  of  an 
experimental  nature,  having  scientific  results  in  view, 
the  experimentalist  himself  is  the  best  judge  of  the 
mode  most  suited  to  his  object  Most  gauging  opera- 
tions, however,  have  for  their  purpose  the  determination 
of  the  discharge  of  a  river,  or  of  a  canal,  with  as  little 
labour  and  expense  and  in  as  short  a  time,  as  anything 
approaching  to  accuracy  of  result  will  admit ;  in  these 
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cases  the  amount  of  predetermined  accuracy  greatly 
affects  the  choice  among  modes  to  be  adopted. 

I.  The  most  rapid  and  least  accurate  mode  of  deter- 
mining the  discharge  of  a  river  or  canal  at  a  certain 
place  and  time  is  that  which  dispenses  with  velocity 
observations,  and  makes  use  of  a  calculated  velocity 
formula  as  a  substitute.  The  dimensions  of  two  parallel 
sections  of  a  straight  reach  of  the  channel  are  measured, 
the  inclination  of  the  water  surface  between  the  two  is 
levelled,  and  the  nature  and  quality  of  the  bed  and 
banks  are  noted  ;  these  data  enable  the  discharge  to  be 
calculated  by  the  aid  of  the  most  modern  and  most 
correct  formula  with  a  certain  amount  of  approximate 
truth.  The  point  now  to  be  considered  is  what  amount 
of  exactness  may  be  reasonably  expected  from  the 
practical  application  of  this  method. 

The  general  formulae  for  mean  velocity  of  discharge 
and  for  discharge  in  open  channels, 


F=cx  100^/125'^;        and  Q^AY\ 
where 


100  71 


/m+l-811\            ,             /.,  ^  .  0-00281  \ 
/ );     and  m=n(  41*6+ -r- —  J? 


seem  theoretically  to  leave  nothing  more  to  be  desired, 
except  perhaps  a  simplification  of  form  not  attainable 
in  the  present  state  of  hydraulic  scienca  It  is  appli- 
table  to  channels  of  all  dimensions,  from  the  smallest 
distributary  or  rigole  to  that  of  the  Mississippi ;  and 
can  be  applied  to  channels  of  any  material,  from 
weed-covered  earthen  beds  to  cut  stone  and  carefully 
planed  plank,  the  data  on  which  it  is  most  carefully 
based  being  those  of  numerous  experimentalists.  The 
functions  or  terms  involved  are  only  three,  iJ,  S,  and  -n, 
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of  which  the  two  former  can  in  most  cases  be  readily 
and  sufficiently  exactly  observed  in  practice  ;  the  great 
difficulty,  however,  lies  in  the  determination  of  the  third 
function.  An  examination  of  the  general  and  the  local 
values  of  71,  given  in  Working  Table  No.  XII.,  will 
explain  this.  Among  the  general  values  suitable  to 
beds  of  special  construction,  from  well-planed  plank  to 
rubble,  the  value  of  n  ranges  from  0*009  to  0017  ;  and 
the  gradations  of  roughness  or  quality  of  surface  are 
clearly  marked  by  the  corresponding  values  of  n,  the 
greatest  gap  being  the  difference  between  0*013  for 
ashlar  and  0017  for  rubble,  a  difference  that  can  be 
easily  worked  up  to  in  practice  without  any  likelihood 
of  important  error.  It  would  hence  appear  that  there 
would  be  no  difficulty  in  practice  of  determining  dis- 
charges with  fair  accuracy  by  means  of  the  above  calcu- 
lated velocity  formula  for  channels  constructed  in  .such 
artificial  materials.  It  is,  however,  in  the  cases  more 
usual  in  practice,  namely,  in  those  of  canals  having 
earthen  beds  and  banks,  and  in  natural  river  channels, 
that  the  values  of  n  offer  so  wide  a  range  of  choice,  that 
the  calculated  discharge  might  involve  serious  error  as 
the  result  of  the  adoption  of  an  unsuitable  coefficient 
For  earthen  canals  the  values  of  n  range  from  0020  to 
0*035,  the  gradations  of  which  are  far  from  being  yet 
sufficiently  definitely  marked  ;  and  for  local  values  the 
range  is  about  the  same.  It  would  seem,  therefore, 
that  in  these  cases  it  would  be  necessary  to  determine 
by  velocity  measurement  the  discharge  of  the  river  or 
canal  at  the  site  under  consideration,  and  thence  deduce 
a  value  of  n  suitable  to  it  before  the  above  method  could 
be  applied  for  obtaining  its  discharge  at  any  time  or 
place   with   sufficient  accuracy  ;   or,  in  other  words,  a 
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small  amount  of  actual  gauging  must  be  done  before 
this  mode  of  procedure  can  be  adopted.  In  the  future 
we  shall  probably  have  the  values  of  this  function  more 
definitely  laid  down,  and  we  shall  then  be  able  to  make 
use  of  this  method  more  readily,  and  with  greater  con- 
fidence in  the  results  ;  now  we  have  only  the  present 
amount  of  information  to  guide  us,  and  are  hence  un- 
avoidably forced  into  a  certain  amount  of  velocity 
measurement  as  a  means  of  correctly  gauging  canals 
and  river  channels  in  earth. 

2.  Assuming,  therefore,  that  velocity  measurement 
is  absolutely  unavoidable,  the  question  next  arises,  what 
is  the  least  amount  of  it  necessary  in  determining  a 
discharge }  The  results  of  Bazin,  determining  the  rela- 
tion between  the  maximum  velocity  in  a  section  and  its 
mean  velocity  of  discharge,  give  the  readiest  solution  of 
this  problem  for  small  canals.     His  formula  is, 

where  Fa,=  the  maximum  velocity,  and  F,»=  the  mean 
velocity  of  discharge  ;  and  it  is  evident  that  by  com- 
bining with  this  formula  the  more  modem  coeflScients 
of  Kutter,  we  can,  with  the  aid  of  only  a  few  observations 
of  maximum  velocity,  arrive  at  a  mean  discharge  with 
rapidity  and  a  fair  amount  of  accuracy,  and  may  be  after- 
wards able  to  determine  a  discharge  at  any  time  under 
the  same  local  conditions  by  means  of  the  ordinary 
calculated  velocity  formula  and  the  Kutter  coeflScient 
already  mentioned,  without  the  need  of  more  velocity 
observation.  The  reduction  of  these  equations  from 
French  measures  is  given  at  page  38,  Chapter  I. 

It  is  extremely  probable  that  this  mode  of  gauging 
will  be  more  universally  adopted  in  future,  and  that  a 
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large  series  of  observations  will  throw  more  light  on 
the  relation  of  the  maximum  velocity  to  the  mean 
velocity  of  discharge,  and  enable  it  to  be  determined 
with  greater  accuracy  than  is  at  present  possible.  Ob- 
servers are  therefore  recommended  to  keep  in  view  in 
all  gaugings  conducted  on  this  principle,  not  only  the 
sectional  position  of  the  maximum  velocity  in  a  section 
(which  may  be  confined  to  a  single  point  either  in  the 
middle  of  the  channel  at  the  surface,  or  at  a  few  feet 
below  it,  around  which  the  velocities  may  diminish  in 
section  rather  suddenly,  or  may  extend  with  but  little 
diminution  over  an  important  portion  of  the  section),  but 
also  the  locus  of  maximum  velocity,  or  its  depth  below 
the  water  surface,  which  may  vary  sensibly  in  a  long 
reach  of  river.  This  inclination  of  the  locus,  as  well  as 
the  amount  of  section  of  very  high  velocity,  are  data 
that  will  probably  aid  eventually  in  determining  the 
ratio  of  maximum  to  mean  velocity  of  discharge  with 
greater  precision  than  Bazin's  formula  now  affords. 

3.  The  next  mode  of  gauging  that  seems  most 
applicable  to  ordinary  rivers  is  one  of  the  modes  recom- 
mended by  Captains  Humphreys  and  Abbot  This, 
however,  involves  a  greater  amount  of  velocity  obser- 
vation, and  at  the  same  time  requires  the  velocities  to 
be  observed  at  a  greater  depth,  for  which  all  descriptions 
of  current-meters  are  not  applicable. 

The  velocities  are  all  observed  at  a  uniform  depth 
equal  to  half  the  hydraulic  radius  of  the  section,  and 
at  equal  distances  judiciously  chosen  across  the  line  of 
section  ;  and  the  mean  of  these  velocities  C/^^  is  taken  ; 

— the  mean  velocity  of  discharge,  F„n  is  then  obtained  in 
the  formula, 
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F„=[(l-08irj,+0-0026)  -0-045  ^/S]* 

1'69 
where  6= 1 :  and  r  is  the  hydraulic  radius. 

This  mode  should,  however,  be  limited  to  very  large 
rivers  ;  in  fact,  the  application  of  any  of  the  Mississippi 
data  or  formulae  to  artificial  channels  or  small  streams 
cannot  be  recommended. 

The  defect  of  the  above  method  in  assuming  the 
relation  J7=0*93F,„  is  sufficiently  evident,  so  also  is  that 
of  assuming  the  parameter  of  the  parabolic  curvature 
of  mean  verticalic  velocity ;  but  when  these  quantities 
are  predetermined  for  any  case  under  consideration,  the 
same  principles  may  be  applied  in  gauging  small 
streams  or  canals  with  quite  as  much  success  as  in 
gauging  the  Mississippi. 

4.  If  we  accept  the  conclusions  of  Captain  Cunning- 
ham, given  at  pp.  91  to  93,  Section  8,  Chapter  I.;  we 
may  gauge  any  rectangular  or  approximately  rect- 
angular section  of  flow  by  single  velocities  taken  at 
equal  distances  on  a  transversal ;  the  depth  of  observa- 
tion being  f  the  total  depth  generally,  and  -^  the  total 
depth  at  the  points  near  the  margins  ;  these  velocities 
will  then  be  representative  elementary  mean  velocities 
in  their  own  portions  of  channel,  from  which  the  mean 
velocity  for  the  whole  section  may  be  deduced  with  some 
degree  of  general  correctness.  Further  correctness  may 
be  obtained  by  taking  two  velocity-observations  on  each 
vertical  from  which  to  deduce  each  mean  verticalic 
velocity  ;  the   formula  recommended   for  this   is   (see 
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that  is  to  say,  the  surface-velocity  and  the  velocity  at  f 
the  depth,  are  sufficient 

The  defect  in  these  methods  is  evident ;  it  consists  in 
making  the  parabolic  curvature  dependent  on  one  point 
or  on  two  points,  whereas  three  points  are  the  least 
necessary.  If,  however,  we  apply  the  three-point 
method  (see  p.  86)  and  obtain  values  of  U  on  each 
vertical  through  three  synchronous  observations  on  it, 
and  make 

we  may  deduce  a  mean  sectional  velocity  that  is  theo- 
retically almost  unimpeachable,  though  based  on  a  very 
moderate  amount  of  velocity-observation. 

5.  The  next  further  attempt  at  accuracy  in  river 
gauging  involves  a  complete  investigation  of  the  whole 
of  the  velocities  in  the  channel  section  ;  the  velocity  at 
every  point  in  the  cross-section  should  be  known  and 
plotted  on  a  diagram,  tl\ey  can  then  be  grouped  into 
divisions  of  the  section  by  vertical  and  horizontal  lines 
within  which  the  variation  of  velocity  is  not  important : 
a  mean  velocity  for  each  division  is  calculated  and  mul- 
tiplied by  the  area  of  that  division  to  obtain  its  dis- 
charge ;  the  sum  of  these  discharges  is  the  discharge 
of  the  whole  section.  There  are,  however,  two  or  three 
methods  of  treating  and  observing  the  velocities.  When 
these  fluctuate  locally  to  a  very  small  degree  within  a 
short  space  of  time,  any  velocities  observed  at  the  same 
site  within  a  day  or  even  within  a  week  may  be  grouped 
together  to  serve  as  a  basis  of  calculation  ;  similarly 
also  when  there  is  very  little  local  variation  of  velocity 
in  a  reach,  mean  velocities  observed  over  a  portion  of 
reach  of  from  50  to  200  feet  in  length  will  represent 

p 


no        Otr  FIELD  OPERATIONS  AND  GAUGING,     chap,  il 

mean  velocities  at  the  middle  of  that  length.  When 
both  such  advantages  happen  to  be  combined,  the  whole 
of  the  observation  is  much  simplified,  as  the  velocities 
must  not  then  be  necessarily  confined  to  an  exact  sec- 
tional site,  and  need  not  be  perfectly  synchronous. 

Preliminary  observation  is  therefore  necessary  to 
determine  the  conditions  under  which  the  velocity-ob- 
servations will  yield  correct  results. 

When  the  local  variation  of  velocity  along  a  reach 
IS  important,  either  a  sufficiently  favourable  reach  must 
be  found,  or  the  method  of  using  loaded  tubes  and  floats 
must  be  discarded  in  favour  of  other  appliances  that 
actually  afford  velocities  at  points  of  observation,  or  on 
vertical  lines,  at  a  single  transverse  section. 

When  velocities  vary  much  at  the  same  spot  within 
a  short  time,  synchronous  or  exactly  simultaneous 
velocity  observations  at  the  given  transverse  section  are 
absolutely  necessary,  and  appliances  must  be  used  that 
will  obtain  these.  Among  them  may  be  mentioned  the 
d'Arcy  gauge  tube,  and  the  author's  current-meter. 

Such  detailed  observations  when  carried  out  on  an 
extended  scale  involve  a  large  amount  of  labour,  care, 
and  skilled  personal  superintendence,  but  at  the  same 
time  afford  results  not  only  valuable  as  regards  the 
determination  of  the  discharges  of  the  river  specially 
under  consideration,  but  also  as  records  of  hydraulic 
experiment  aiding  in  the  progress  of  science. 
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CHAPTER   III. 

PARAGRAPHS  ON  VARIOUS  HYDRAULIC 

SUBJECTS. 

I.  On  Modules.  2.  The  Control  of  Floods.  3.  Towage.  4.  On  Various 
Hydrodynamic  Formulae.  5.  The  Watering  of  Land.  6.  Canal 
Falls.  7.  The  Thickness  of  Pipes.  8.  Field  Drainage.  9.  The 
Ruin  of  Canals.     10.  On  water-meters. 


I.   On  Modules  or  Water-Regulators. 

Hydraulic  engineers  not  having  yet  arrived  at  a  per- 
fect module  for  regulating  the  amount  of  water  drawn 
off  in  an  open  channel  for  irrigation  or  town-supply 
from  an  open  canal  or  reservoir  under  a  varying  head 
of  pressure,  it  is  a  matter  of  some  interest  to  examine 
the  older  types  of  design  of  modules  that  have  been 
used  at  various  times,  and  in  various  countries,  before 
going  on  to  those  of  more  modern  form.  Such  designs 
being  necessarily  simple,  they  will  be  found  perfectly 
comprehensible  by  means  of  description  without  the  aid 
of  drawings  or  diagrams. 

Piedmont  appears  to  have  been  the  birthplace  of 
modules,  for  although  irrigation  is  essentially  Oriental 
in  origin,  owing  to  its  extreme  reproductive  power  in 
hot  climates,  and  though  it  was  introduced  into  Europe 
by  the  Moors,  we  do  not  find,  either  in  India  or  in  Spain, 

where  portions   of  these  works    still    exist,   anything 

pa 
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approaching  to  a  module.  The  systems  employed  in 
carrying  out  irrigation  almost  prove  that  they  had  not 
such  a  thing  at  all.  In  India  the  practice  seems  to 
have  been  to  turn  water  on  to  a  field  until  either  the 
landowner  or  the  tumer-on  of  water  was  satisfied,  or 
perhaps  rather  until  the  landowner  was  satisfied  that  he 
could  get  no  more.  No  doubt  this  was  the  best  plan 
to  start  with,  as  the  object  of  irrigation  was  to  water 
the  fields  sufficiently  ;  and  the  landowner  being  the  best 
judge  as  regards  how  much  water  was  required  for  his 
crop,  this  mode  insured  the  observation  of  the  proper 
persons.  This  plan  was,  however,  open  to  one  very 
serious  objection  ;  when  the  landowners  discovered  that 
an  extra  amount  of  water  beyond  that  strictly  necessary 
for  the  crop  was  in  some  cases  capable  of  increasing  the 
amount  of  produce  to  a  small  degree,  they  would  take 
more  water,  either  by  stealth  or  otherwise  ;  the  amount 
of  perpetual  squabbling  on  this  subject  would  then  have 
been  very  large,  had  it  not  been  for  the  fact  that  in 
Oriental  countries  irrigation  works  were  made  by  rajahs, 
emperors,  or  chiefs,  whose  despotic  rule  and  despotic 
institutions  supplied  a  very  practical  limit  in  such  mat- 
ters— moral  or  physical  force. 

In  Spain,  under  Moorish  rule,  it  is  probable  that 
this  useful  substitute  for  modules  was  also  in  vogue  ; 
but  in  the  huertas  or  irrigated  lands  of  Spain,  in  more 
modern  times  and  under  Christian  rule,  the  water  being 
the  joint  property  of  several  villages  that  combined  to 
keep  the  works  in  order,  and  legislated  for  themselves 
about  the  distribution  of  the  water,  the  first  great  step, 
the  just  division  of  the  water  on  a  large  scale  among  the 
several  villages,  had  to  be  regularly  carried  out  The 
canals  being  comparatively  small,  a  proportional  division 
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was  effected  by  equalising  the  size  of  a  certain  sma.l 
number  of  outlets  from  the  main  canal  into  the 
subsidiary  channels,  one  village  thus  taking  a  fourth 
or  a  sixth  of  the  total  volume  of  water  passing  down  the 
canal. 

In  Piedmont  the  conditions  were  different ;  the 
country  being  hilly,  and  the  water  taken  from  streams 
and  torrents  having  a  considerable  fall,  water  powerwas 
extensively  used  for  driving  com  mills.  It  is  probable 
that  there  were  a  few  water-driven  com  mills  both  in 
India  and  in  Spain,  but  there  such  mills  would  be  public 
institutions,  the  miller  being  a  servant  of  the  community, 
generally  living  on  a  fixed  income,  or  yearly  pay,  given 
either  in  kind  or  in  money  by  all  the  neighbouring 
villages  using  the  mill.  In  Piedmont  the  mills  were  the 
private  property  of  individuals,  as  they  are  at  the  present 
day  in  Europe  ;  hence  it  was  there  that  the  first  unit  of 
water  measurement  was  arrived  at — the  amount  of  water 
enough  to  drive  a  com  mill,  which  was  probably  then 
and  there  of  about  the  same  size  and  requirements. 
This  amount  of  water  then  assumed  a  technical  name, 
the  mote  dacqua ;  the  same  thing  in  Lombardy  being 
called  a  rodigine,  in  Modena  a  macina,  and  in  the 
Pyrenees  a  moulait — the  same  circumstances  in  various 
places  leading  to  the  adoption  of  a  similar  unit  of 
measurement,  which  was  naturally  rather  variable.  In 
Piedmont  the  amount  was  generally  about  12  cubic  feet 
per  second,  and  was  supplied  by  an  outlet  about  160 
feet  square,  the  water  issuing  free  from  pressure  at  the 
surface  level.  The  next  step  was  the  introduction  of  a 
smaller  unit  of  measurement  for  purposes  of  irrigation 
for  discharges  under  pressure,  the  Piedmontese  oncia ; 
which  was  a  rectangular  outlet  042  it  broad,  0'56  ft. 
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high,  having  a  head  of  water  0*28  ft.  above  the  upper 
edge  of  the  outlet ;  its  discharge  was  0*85  cubic  feet  per 
second,  and  this  was  the  immediate  parent  of  the 
Piedmontese  module,  and,  as  far  as  we  know,  the 
ancestor  of  all  modules. 

Piedmontese  Modules. — These,  the  most  perfect  type 
of  which  is  that  of  the  Sardinian  code,  were  designed  or 
intended  to  fulfil  the  following  conditions :  that  the  water 
should  issue  from  the  outlet  by  simple  pressure,  that 
this  pressure  should  be  maintained  practically  constant, 
that  the  outlet  should  be  made  square  in  a  thin  plate 
having  vertical  sides,  that  the  issuing  water  should  have 
«i  free  fall,  unimpeded  by  any  back-water,  and  that  the 
water  of  the  canal  of  supply  should  rest  with  its  surface 
free  against  the  thin  wall  or  stone  slab  in  which  the 
outlet  was  formed.  The  following  is  a  description  of 
the  general  type.  The  water  is  admitted  through  a 
sluice  of  masonry,  having  a  wooden  shutter  working 
vertically,  into  a  chamber  in  which  the  water  is  supposed 
to  lose  all  its  velocity  and  is  kept  to  a  fixed  level  mark 
by  raising  or  lowering  the  shutter;  the  chamber  is  of 
masonry  and  has  its  pavement  on  the  same  level  as  the 
sill  of  the  sluice,  the  regulating  outlet  from  this  chamber 
being  an  orifice  0*65  feet  square,  having  its  upper  edge 
fixed  at  0'65  feet  below  the  fixed  water-level  mark  of  the 
chamber.  Its  discharge  is  2*04  cubic  feet  per  second. 
If  a  larger  discharge  at  one  spot  be  required,  the  breadth 
of  the  outlet  is  doubled  or  trebled,  the  other  dimensions 
remaining  unaltered.  Such  are  the  sole  unalterable 
conditions  or  data  of  this  module  ;  all  its  others  seem  to 
have  varied  very  greatly ;  its  sill  is  sometimes  at  the 
level  of  the  bed  of  the  canal  of  supply,  sometimes  above 
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it,  and  sometimes  below  it,  in  which  case  a  slight 
masonry  incline  was  made  from  the  bed  down  to  it ;  the 
length  and  breadth  of  the  chamber  vary  greatly,  the 
former  from  IS  ft.  to  35  ft.,  its  form  being  circular,  oval, 
or  pear-shaped ;  the  side  walls  splaying  outwards 
sometimes  close  up  to  the  sluice,  sometimes  not  till  near 
the  regulating  outlet,  the  object  being  to  destroy  the 
velocity  of  the  water  within  the  chamber.  The  lower 
edge  of  the  regulating  outlet  is  generally,  but  not  always, 
placed  at  0*82  feet  above  the  floor  of  the  chamber.  The 
paved  floor  of  the  chamber  is  in  many  cases,  but  not  in 
all,  continued  at  the  same  level  beyond  the  outlet 

The  practical  advantages  of  this  type  of  module 
consist,  therefore,  in  having  a  chamber  in  which  the 
water  can  be  kept  to  a  constant  level,  and  from  which 
the  water  can  issue  under  a  constant  head  of  pressure 
through  a  regulating  orifice  of  fixed  dimensions. 

Milanese  Modules, — The  modulo  magistrale  of  Milan 
is  the  most  improved  type  of  Lombard  modules,  the 
modulo  of  Cremona  and  the  quadretto  of  Brescia  being 
very  inferior  to  it  in  design,  its  principal  advantage 
over  the  Piedmontese  module  being  the  fixity  of 
dimension  of  almost  all  its  parts  ;  in  other  respects  it 
resembles  it  very  much,  the  principal  differences  being 
that  the  water  chamber  is  always  rectangular  and 
covered  with  slabs,  and  is  hence  called  the  covered 
chamber,  that  its  flooring  has  a  reverse  slope  in  order  to 
deaden  velocity,  and  that  the  masonry  channel  beyond 
the  regulating  outlet  has  fixed  dimensions  also,  a  portion 
of  it  being  called  the  outer  chamber.  In  its  general 
arrangement,  the  sluice  of  supply  has  its  sill  invariably 
en  a  level  with  the  bottom  of  the  main  canal,  which  is 
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paved  with  slabs  near  it ;  the  breadth  of  the  sluice  is  the 
same  as  that  of  the  regulating  or  measuring  outlet ;  the 
sluice  gate  is  worked  by  lock  and  level,  being  fixed  and 
locked  at  any  required  height  by  catch  lock  and  key. 
As  to  dimensions,  the  covered  chamber  is  20  ft.  long,  its 
flooring  having  a  rise  of  0*15  feet  in  that  length,  and  its 
breadth  is  i  '64  ft  more  than  that  of  the  sluice  of  supply, 
that  is,  82  ft.  more  on  each  side  ;  the  lower  surface  of  its 
covering  of  slabs  or  planks  is  fixed  at  0*33  feejt  above 
the  upper  edge  of  the  regulating  outlet,  which  is  the 
height  to  which  the  water  must  be  kept  to  secure  the 
fixed  discharge.  In  order  to  gauge  the  water  in  the 
chamber,  a  groove  is  made  in  the  masonry  so  as  to  allow 
a  gauge  rod  to  be  introduced  within  at  the  sill  of  the 
sluice,  which  will  read  2*29  feet  of  water  above  the  sill, 
when  the  proper  head  of  pressure  exists  ;  should  it  read 
more  or  less,  the  sluice  gate  must  be  raised  or  lowered. 
The  outer  chamber  is  o*66  feet  wider  than  the  measuring 
or  regulating  outlet,  its  total  length  1779  ft. ;  its  side 
walls,  which  like  those  of  the  covered  chamber  are 
vertical,  have  a  splay  outwards,  so  that  the  width  at  the 
farther  end  is  0*98  feet  greater  than  at  the  outlet  end, 
that  is  to  say,  it  is  there  equal  in  width  to  the  covered 
chamber.  To  insure  a  free  fall,  the  flooring  of  the  outer 
chamber  is  0*15  feet  below  the  lower  edge  of  the  outlet, 
and  has  besides  a  fall  of  0*15  feet  in  its  length  of 
1772  ft. 

The  total  length  of  the  module  is  nearly  3775  ft., 
but  its  breadth  is  variable,  according  to  the  amount  of 
discharge  required.  If  intended  to  discharge  a  Milanese 
ancia  magistrale^  the  Milanese  unit,  which  varies  from 
I  "2 1  to  1*64  cubic  feet  per  second  according  to  different 
computations,  averaging  1*5  cubic  feet  per  second,  the 
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measuring  outlet  is  0'66  feet  high  and  0*33  feet  broad, 
under  a  constant  head  of  pressure  of  0*33  feet ;  the 
breadth  of  the  covered  chamber  being  213  feet  and  the 
breadths  of  the  open  chamber  1*15  feet  and  2*13  feet. 

It  is  essential  to  the  effective  operation  of  the 
regulating  sluice  that  the  difference  of  level  between  the 
water  in  the  canal  and  that  in  the  module  be  at  least 
0*65  feet ;  and  as  the  height  of  water  in  the  latter  must 
be  2*29  feet,  the  depth  of  water  in  the  canal  must  never 
be  less  than  about  3  feet,  in  order  to  allow  the 
module  to  work  properly.  The  following  are  the  relative 
levels  of  the  parts  of  the  module  referred  to  the  bottom 
of  the  main  canal  as  a  datum  : 

Feet 
Water  surface  in  the  interior  of  the  module  .  .2*29 
Upper  edge  of  the  measuring  outlet  .        .        .     i  -96 

Upper  end  of  flooring  of  open  chamber      .        .         .     1  '14 
Lower  end  of  the  same     ......    O'^S 

Such  is  the  type  of  the  Milanese  modules,  the 
dimensions  being  suitable  for  a  discharge  of  1*5  cubic 
feet  per  second  ;  unfortunately,  in  point  of  fact,  the  type 
has  been  rar^y  adhered  to  rigidly,  and  thus  its 
advantages  as  a  universal,  or  even  as  a  local  water 
standard  have  been  comparatively  thrown  away  in 
practice.  Its  use,  however,  established  a  discovery  that 
was  at  that  time  very  important,  viz.,  that  larger  outlets 
gave  a  greater  discharge  than  that  due  to  the  proportion 
of  their  section  for  small  ones ;  it  was  therefore  deter- 
mined that  no  single  outlet  of  a  module  should  be  made 
for  a  discharge  of  more  than  eight  oncia  or  12  cubic 
feet  per  second ;  and  when  a  greater  discharge  was 
required,  two  or  more  separate  outlets  were  to  be  used 
side   by   side.      A  gauge  post  was  also  found  to  be 
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necessary   in   order  to  enable  the  water  guardians  to 
adjust  the  sluice  accurately. 

The  principal  defect  of  the  Milanese  modules  is  that, 
owing  to  the  rush  of  water  from  the  canal,  it  is  nearly 
impracticable  to  keep  a  constant  head  of  pressure  on  the 
measuring  outlet ;  besides  this,  sand  and  fine  silt  vitiate 
the  accuracy  of  amount  of  discharge. 

Such  are  the  comparatively  ancfent  modules,  the 
Milanese  modulo  magistrale  being  the  most  improved 
one  of  them.  Their  type  has  been  very  much  adhered 
to  in  modem  times ;  that  of  Messrs.  Higgin  and 
Higginson  on  the  Henares  Canal  may  be  considered  as 
the  greatest  improvement  that  can  be  made  on  them, 
without  departing  from  that  type.  In  this  module,  the 
entrance  by  a  sluice  into  a  chamber  for  destroying 
velocity  has  been  preserved,  but  the  exit  is  an  overfall, 
and  hence  more  susceptible  of  exact  measurement  of 
discharge ;  the  means  applied  to  deaden  the  velocity  of 
entrance  are  again  different 

The  entrance  into  the  channel  through  a  wall  is  a 
passage  1*96  feet  ('6  mitre)  square,  regulated  by  a  well- 
fitting  cast-iron  door  raised  by  a  screw  ;  the  chamber  is 
rectangular,  10*37  ft.  long,  by  7*20  ft.  wide  below,  9*20 
ft  above,  the  side  walls  having  a  batter  of  i  in  6.  The 
bottom  of  the  chamber  is  horizontal  and  at  a  level  72 
feet  below  the  sill  of  the  entrance  sluice.  To  deaden 
the  action  of  the  water,  a  partition  of  masonry  grating  is 
built  across  the  chamber  at  a  distance  of  4  ft  from  the 
wall,  and  5  ft  from  the  overfall  wall  of  exit,  it  is  i  '37  ft. 
broad,  and  has  eight  slits  or  vertical  passages  not  cross- 
barred,  each  slit  being  045  feet  wide.  The  water  having 
been  deprived  of  all  action  by  passing  through  this 
arrangement,  enters  the  second  portion  of  the  chamber. 
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and  then  passes  over  a  weir  having  an  iron  edge  6*56  ft. 
(2  mitres)  long,  fixed  nearly  on  a  level  with  the  top  of 
the  entrance  sluice,  or  2  ft.  above  its  sill.  The  discharge 
required  for  irrigation  being  never  to  exceed  176  litres 
or  6*22  cubic  feet  per  second,  the  depth  on  the  weir  sill 
will  therefore  never  exceed  05  feet,  the  sluice  opening 
being  vgy  ft.  square. 

There  are  two  small  side  walls  having  a  batter  from 
above  on  either  side  of  the  sluice  entrance,  these  walls 
projecting  into  the  main  canal,  in  order  to  protect  the 
entrance  and  prevent  silt  from  accumulating  there,  which 
otherwise,  and  perhaps  even  in  any  case,  would  have  to 
be  dug  out  occasionally.  In  order  to  keep  the  chamber 
in  proper  working  order,  a  keeper  must  be  employed, 
and  a  gauge  post  erected  in  the  canal,  by  reference  to 
which  he  lowers  or  raises  the  sluice,  and  keeps  the  water 
in  the  chamber  always  at  a  fixed  level. 

It  is  evident  that  the  changes  may  be  rung  on  this 
species  of  module  to  a  great  extent  without  effecting 
great  improvement,  by  increasing  the  number  and 
altering  the  positions  of  the  sluices  and  overfalls,  and 
modifying  the  arrangement  for  deadening  the  action  of 
the  water.  This  has  been  done  in  many  cases  without 
much  result ;  it  is  hence  not  worth  while  to  bring 
forward  other  examples  of  this  type. 

Although  some  of  these  are  complicated  in  form,  as 
well  as  much  varied  in  detail,  the  types  are  exceedingly 
simple  ;  they  all  require  the  occasional  attendance  of  a 
keeper  for  adjusting  them  according  to  the  variation  of 
pressure  ;  they  are  made  of  brickwork  and  masonry,  and 
consist  of  a  series  of  open  passages  and  covered 
chambers  connecting  orifices  and  overfalls.  It  is  quite 
evident  that,  except  under  special  circumstances,  such 
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modules  are  far  behind  the  wants  of  an  age  that 
economises  labour,  attendance,  and  supervision  wherever 
possible. 

Self-acting  Modules, — A  module  to  be  of  much  use 
now  must  in  the  first  place  be  self-acting.  Nor,  indeed, 
is  this  all.  A  large  number  of  self-acting  apparatus  for 
regulating  the  supply  or  flow  of  water  have  been 
designed  and  used,  but  three-quarters  of  them  do  not 
answer  all  the  purposes  required  of  them  at  present. 
Some  are  large,  some  expensive,  others  involve  a  large 
expenditure  in  protective  or  additional  large  chambers, 
others  are  complicated  and  liable  to  get  out  of  order, 
and  others  involve  a  great  loss  of  head,  which,  in  the 
case  of  their  application  to  irrigation  canals  of  small  fall, 
is  an  insurmountable  objection.  The  worst  of  them  may 
be  said  to  be  those  that  fail  in  their  main  object  in 
producing  practical  invariability  of  discharge.  With  all 
these  objections  to  deal  with,  it  will  not  be  necessary  to 
do  more  than  make  passing  comments  on  the  greater 
number  of  them,  and  the  principles  involved  in  their 
design  and  construction. 

We  will,  however,  first  mention  the  requirements 
of  a  good  module.  The  first  consideration  is  that 
under  all  ordinary  circumstances  the  discharge  may  be 
practically  constant  and  correct,  that  is,  should  not  be 
liable  to  vary  more  than  5  per  cent ;  secondly,  that  it 
should  be  very  simple  in  construction  and  application  ; 
thirdly,  that  it  should  not  be  liable  to  derangement ; 
fourthly,  that  it  be  portable,  easily  applied  and  removed 
from  any  portion  of  the  canal  without  involving  much 
waste  or  loss ;  fifthly,  that  it  should  not  involve  much 
loss  of  head,  and  that  it  should  be  able  to  drain  the 
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main  canal  or  basin  of  supply,  down  to  a  level  of  one 
foot  above  its  bed,  and  deliver  water  if  need  be  as  high 
as  within  one  foot  of  full  level  in  the  canal ;  sixthly, 
that  it  be  inexpensive,  not  costing  in  England  more  than 
about  10/.,  and  more  than  5/.  additional  for  its  attach- 
ments, slabs,  cisterns,  or  chambers,  and  setting  it  in 
place  in  working  order. 

There  are  perhaps  only  three  modules  yet  designed 
that  may  be  said  to  fulfil  these  conditions  ;  these  we 
will  for  the  present  term  portable  modules,  and  defer 
dealing  with  them  until  after  commenting  on  the  others, 
or  ordinary  self-acting  modules,  some  of  which  have 
advantages  or  disadvantages  worthy  of  notice,  or  have 
attracted  special  attention  in  any  way. 

Until  recently,  the  power  of  flotation  was  the  sole 
means  adopted  in  self-acting  modules  for  obtaining  an 
equal  discharge  under  varying  heads  in  the  canal  or 
basin  of  supply.  The  simplest  manner  of  applying  this 
is  perhaps  in  attaching  or  fixing  the  pipe  or  pipes  of 
supply  to  the  float  itself,  thus  insuring  a  fixed  head  of 
pressure  on  their  entrance,  however  much  the  surface 
level  in  the  supplying  basin  may  vary.  So  far  as  this, 
the  modules  depending  on  this  principle  appear  excel- 
lent, but  unfortunately  all  of  these  seem  defective  on 
account  of  other  considerations.  For  instance,  in  *  tlie 
suspended  opening^  where  the  water  enters  through  two 
horizontal  pipes  into  the  body  of  the  float  itself  (which 
is  kept  submerged  to  a  sufficient  depth  by  weights)  and 
passes  out  of  it  through  a  vertical  pipe  fixed  on  to  the 
lower  side  of  it,  the  vertical  pipe  has  to  slide  up  and 
down  in  a  species  of  stuffing-box  in  a  masonry  platform 
below,  so  as  to  discharge  itself  clear  of  the  water  in  the 
main  canal,  and  prevent  the  latter  from  leaking  through 
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into  the  well  below  the  platform,  from  which  the  moduled 
water  alone  should  be  drawn  off.  This  is  plainly  a 
contrivance  that  would  be  defective  for  purposes  of 
irrigation  ;  should  the  vertical  pipe  not  slide  easily  into 
the  stuffing-box,  the  power  of  flotation  may  be  entirely 
neutralised  ;  should  it  be  too  easy,  there  will  be  leakage, 
and  perhaps  to  a  serious  amount ;  the  loss  of  level  is 
seriously  great,  the  delivery  level  never  being  higher 
than  I  ft.  above  the  bed  level  of  the  canal.  Modifications 
of  this  contrivance,  having  in  view  the  abolition  of  the 
loss  of  head,  have  been  made  by  using  syphons  either 
erect  or  inverted,  instead  of  the  sliding  vertical  pipe. 
They  certainly  attain  that  object,  but  introduce  new 
defects  sufficient  to  render  them  less  useful  for  purposes 
of  irrigation  than  the  original  suspended  opening  ;  they 
are  expensive,  and  difficult  to  manage,  the  action  of  the 
syphons  is  liable  to  be  stopped  by  accumulation  of  air, 
and  their  discharge  is  not  only  practically  low  in  com- 
parison with  their  theoretical  calculated  discharge,  but 
also  is  variable,  as  they  are  very  liable  to  foul ;  their 
adjuncts,  chambers  around  and  attached,  are  expensive 
The  vertical  pipe  arrangement  of  the  suspended  opening 
is  the  principle  on  which  many  so-called  water-meters, 
used  by  water  companies  for  discharging  water  in  large 
quantities,  have  been  constructed. 

The  same  principle  has  been  adapted  to  purposes  of 
irrigation  in  the  module  of  M.  Monricher,  on  the  Mar- 
seilles Canal,  oonstructed  between  1839  and  1850  ;  it  is 
intended  to  supply  irrigation  channels  having  discharges 
of  from  ro6  to  424  cubic  ft  (30  to  120  litres)  per  second 
as  a  constant  supply.  The  details  of  construction  are 
as  follows:  A  masonry  reservoir  11*15  ft  by  1476  ft., 
having  its  bottom  at  a  level  approximately  3  ft.  below 
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the  bottom  of  the  canal,  is  connected  with  it  by  a  rect- 
angular masonry  passage  having  a  horizontal  masonry 
covering  at  the  level  of  low-water  surface  in  the  canal ; 
a  transverse  masonry  wall  stops  the  action  of  the  water, 
which  enters  the  reservoir  afterwards  by  two  passages, 
one  on  either  side,  the  wall  and  passages  taking  up  a 
portion  of  the  reservoir  space.  Beyond  two  pairs  of 
grooves  for  putting  in  stop-planks  for  shutting  off  the 
water  entirely  during  repair,  there  is  no  other  sluice  or 
check  to  the  free  flow  of  the  water.  In  the  centre  of 
the  rectangular,  reservoir  is  a  cylinder  of  masonry,  having 
an  internal  diameter  of  2'30  ft,  being  i  '00  ft.  thick,  the 
bottom  of  it  being  approximately  200  ft.  below  the 
bottom  of  the  reservoir,  and  its  top  edge  about  2*oo  ft. 
below  low-water  canal  surface.  An  iron  cylinder  is 
made  to  fit  the  internal  masonry  closely,  and  to  slide 
up  and  down  it,  and  to  hang  by  a  rod  and  adjusting 
screw  to  a  wooden  bar  supported  by  two  wooden  floats 
placed  clear  of  the  masonry,  each  of  which  is  i  '64  ft 
deep,  1*31  ft  broad,  and  5*24  ft  long.  There  are  also 
two  vertical  bars  in  the  reservoir  outside  the  floats,  up 
and  down  which  the  bar  slides  on  rings.  The  adjusting 
screw  enables  the  iron  cylinder,  which  is  about  5*8  ft. 
long,  to  be  placed  so  that  its  upper  edge  may  be  set  at 
any  depth  below  the  water  surface,  so  as  to  produce 
any  required  discharge.  This,  when  once  fixed  and 
checked,  is  never  altered.  The  whole  is  inclosed  in  a 
locked  building. 

The  water  of  the  reservoir  therefore  enters  the  iron 
cylinder  above,  and  flows  out  below ;  the  lower  water 
being  divided  from  the  rest  of  the  reservoir  above  by 
masonry  partitions,  it  rises  through  the  masonry  passage 
thus  made  into  the  masonry  water-course  or  irrigation 


s 


224  MISCELLANEOUS  PARAGRAPHS.  chap.  xil. 

channel,  the  bottom  of  which  is  not  more  than  75  ft. 
below  that  of  the  bed  of  the  main  canal ;  the  channel 
section  is  2*00  ft  by  1*31  ft,  having  a  small  enlarge- 
ment 3*28  ft  square  at  the  commencement  of  the  chan- 
nel. Plans  and  details  of  the  module  here  described 
are  given  in  MoncriefFs  *  Irrigation  in  Southern  Europe.' 
In  this  module,  therefore,  the  section  of  outlet,  viz,, 
that  of  the  iron  cylinder,  is  constant ;  the  edge  of  the 
cylinder  rises  and  falls  by  flotation  ;  the  loss  of  level  is 
as  small  as  can  be  conveniently  obtained  in  modules  of 
this  principle  of  design,  and  if  the  cylinder  could,  with- 
out much  care  or  superintendence,  be  made  to  work 
well  in  the  masonry  without  leakage  or  friction  to  any 
detrimental  extent,  as  stated  by  the  engineers  of  the 
Marseilles  canal,  the  amount  of  inaccuracy  of  discharge 
cannot  be  great  It  would  doubtless  be  an  improve- 
ment were  some  arrangement  applied  to  this  module 
for  preventing  silt  from  entering  the  reservoir,  which 
must  be  liable  to  interfere  with  the  working  of  the 
cylinder,  and  produce  a  greater  deteriorating  effect  in 
this  module  than  in  many  others.  The  masonry  portion 
of  the  module  would  require  good  workmanship,  and 
tiie  putting  together  of  the  whole  in  good  working  order 
considerable  care.  It  is,  therefore,  rather  expensive, 
and  certainly  has  not  the  element  of  portability. 

The  suspended  plug  is,  like  the  suspended  opening,  a 
principle  that  has  been  adopted  for  modules  and  applied 
in  a  very  large  variety  of  ways,  some  of  which  involve 
complexity  of  parts  and  details.  Its  main  principle  is 
probably  slightly  more  modem  than  that  of  the  latter: 
both  are  decidedly  old,  but  as  these  old  contrivances 
are  perpetually  being  re-invented,  a  brief  description  of 
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their  principles  may  be  of  use  to  some,  while  comments 
on  them  may  deter  others  from  wasting  their  energies 
on  an  idea  that  appears  to  have  been  fully  worked  out. 

The  simplest  case  of  the  suspended  plug  is  this.  A 
circular  orifice  is  fixed  in  a  floor  at  the  level  of  the  bed 
or  bottom  of  the  canal  or  reservoir,  and  a  plug  of  vary- 
ing section  is  suspended  in  it,  being  attached  to  a  float 
that  rises  and  falls  with  the  surface  of  the  water  ;  the 
annular  water  passage  thus  left  open  is  made  to  dis- 
charge equal  quantities  under  varying  heads  by  propor- 
tioning the  section  of  the  plug  throughout  its  length  ; 
the  area  of  the  annular  opening  being  in  inverse  pro- 
portion to  the  velocity  of  discharge.  To  insure  a  free 
fall  there  is  a  well  below  the  floor  into  which  the  water 
falls  to  a  depth  equal  to  that  of  the  depth  of  the  floor 
from  high-water  level  of  the  canal.  The  depth  of  the 
float  and  its  attachment  to  the  plug  prevent  its  acting 
at  a  depth  of  water  of  less  than  one  foot  in  the  canal. 
These  two  points,  which  are  serious  objections  to  the 
adoption  of  this  module  on  irrigation  canals,  have  been 
much  modified  in  the  more  complicated  modules  con- 
structed on  this  principle,  which  will  hereafter  be  men- 
tioned. As  to  the  plug  itself,  it  is  either  a  conoid  hung 
in  a  circular  orifice,  or  a  flat-sided  conoid  of  equal  thick- 
ness in  one  direction  hung  in  an  orifice  which  is  rectan- 
gular laterally  and  of  circular  curvature  transversely ; 
in  the  latter  case  a  fixed  area  is  left  open  on  the  flat 
sides  of  the  plug  which  has  to  be  allowed  for  in  the 
calculations  for  the  section  of  the  plug.  The  diameter 
of  the  plug  in  the  case  of  the  conoid  is  obtained  by 
calculating  the  areas  required  to  pass  the  required  dis- 
charge for  various  heads  of  water,  as,  from  i  to  10  ft. 
for  every  three  inches,  and  deducting  these  from  the 
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fixed  area  of  the  orifice,  the  remainders  are  then  the 
areas  of  the  circular  sections  of  the  plug  for  those  depths 
from  which  the  diameters  are  obtained.  The  flat  conoid 
can  be  made  of  the  same  lateral  section  for  all  discharges, 
the  thickness  of  the  flat  sides  being  increased  in  direct 
proportion. 

The  following  is  an  example  of  a  module  designed 
on  the  suspended  plug  principle,  and  is  perhaps  the 
simplest  application  of  it  in  actual  practice.  It  was  de- 
signed by  Don  Juan  de  Ribera,  projector  of  the  Lozoya 
canal,  or  canal  of  Isabella  Segunda,  and  is  used  on  that 
canal  with  good  effect 

It  is  so  arranged  that  the  size  of  the  outlet  diminishes 
when  the  head  of  water  increases.  The  module  itself  is 
a  long  tapering  bronze  plug,  0524  ft  in  diameter  at  its 
lower  end,  and  is  attached  to  a  circular  brass  float  above, 
which  floats  freely  in  the  water  of  a  masonry  well  3*38  ft 
by  3*94  ft  square  and  4*  16  ft  deep  ;  at  the  bottom  of 
this  well,  which  is  on  a  level  with  the  bottom  of  the 
main  canal  and  the  rectangular  masonry  passage  con- 
necting them,  is  a  circular  orifice  156  ft  in  diameter, 
within  which  the  lower  end  of  the  module  is  made  to 
work  vertically,  the  plug  and  plate  being  of  bronze 
to  prevent  rust  Below  this  well  again  is  a  second  one, 
into  which  the  water  falls  after  having  passed  through 
the  ring  between  the  orifice  and  the  plug.  The  entrance 
of  the  rectangular  passage  leading  from  the  canal,  which 
is  only  about  3  ft.  long,  is  protected  from  silt  by  an  iron 
grating,  and  is  covered  in  at  the  top  by  slabs  to  the  full 
level  in  the  canal ;  the  well  is  also  covered  in  by  a  locked 
iron  trap-door.  In  this  module  friction  is  reduced  to  a 
minimum  ;  the  module  hangs  freely  from  the  centre  of 
the  float,  and  can  be  slightly  raised  or  lowered  in  order 
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to  diminish  or  increase  the  discharge  passing  through  the 
ring  or  space  between  the  edge  of  the  prifice  and  the 
plug ;  but  when  a  constant  discharge  is  required  it  is 
finally  properly  adjusted,  and  then  entirely  left  alone. 
The  float  is  about  2  ft.  in  diameter,  having  a  thickness 
in  the  middle  of  about  09  ft.,  and  at  the  edges  of  06  ft. 
This  module  discharges  one  cubic  mitre  (35*3166 
cubic  feet)  per  hour,  and  is  hence  styled  an  horamitre, 
the  discharge  being  '2777  litres,  or  '0098  cubic  feet  per 
second.  The  curve  of  the  module  or  bronze  plug  is  such, 
that  the  roots  of  the  vertical  abscissae  vary  inversely  as 
the  differences  between  the  squares  of  the  radius  of  the 
orifice  and  of  the  horizontal  co-ordinate.  Hence,  if  the 
required  discharge  is  given  with  a  head  of  water  of  one 
mitre,  when  the  diameters  of  the  orifice  and  plug  are 
respectively  "20  and  '1653  mitres,  then,  if  the  head  of 
water  be  reduced  to  '81  mitres,  the  diameter  of  the 
plug  at  the  level  of  the  orifice  must  be  '1610  mitres, 

as  

V'T:  v'-Sl  ::(20)'»-(-1610)'» :  (•20)'*- (-1653)1 

The  lengths  corresponding  to  the  different  diameters  of 
the  taper  of  the  plug  will,  for  a  constant  diameter  of 
orifice  of  *20,  be  as  follows  : — 

Depths  from  water  surface  'lo         '12        -16        '41        77 
Diameters  of  plug  'oo        -0585    -0912    '1211     '1374 

Depths  from  water  surface  i  '26      i -90      2*71      371 
Diameters  of  plug  "1480    -1554    -1610    -1653 

The  principle  being  that  the  velocity  of  discharge 
through  an  orifice  varies  with  the  square  foot  of  the  head 
of  water ;  thus,  taking  iJ  r  to  represent  the  radii  of  the 
orifice  and  plug  respectively,  the  discharge  per  second 
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H  being  the  head  of  water,  the  value  of  the  experimental 
coefficient,  o,  being  for  this  case  deduced,  from  a  series  of 
experiments  of  Don  Juan  de  Ribera,  to  be  '63,  in  accord- 
ance with  similar  results  obtained  in  ordinary  practice 
in  parallel  cases.  This  is  probably  the  module  in  most 
perfect  accordance  with  theory  yet  designed  ;  it  is, 
however,  of  small  dimensions,  and  hence  likely  to  be 
much  affected  by  even  the  very  small  proportion  of  silt 
that  would  pass  through  the  grating.  Its  principal  de- 
fect is,  that  the  loss  of  level  necessarily  involved  in  it  in 
order  to  obtain  a  free  fall  would  render  it  inapplicable 
in  a  very  great  number  of  cases,  where  even  a  few  inches 
of  fall  are  of  extreme  importance. 

The  modifications  of  this  type  of  module  consist  in 
putting  the  float  in  a  separate  chamber,  which  thus  be- 
comes a  silt  trap,  and  relieves  the  orifice  from  being 
affected  by  silt,  the  connection  between  the  float  and 
the  cone  being  either  a  chain  passing  over  two  runners 
or  a  lever  :  in  these  cases  the  plug  is  reversed,  having  its 
broader  end  upwards ;  the  friction  involved  affects  the 
working  of  the  module  and  its  accuracy  of  discharge, 
and,  in  the  case  of  levers,  the  lengths  of  the  arms  modify 
the  quantities  employed  in  the  calculations  of  sections  of 
discharge.  In  some  cases  the  form  of  the  lower  well 
assumes  various  forms,  having  for  their  object  the  re- 
duction of  the  loss  of  level  existing  in  the  more  simple 
type.  It  is  extremely  doubtful  whether  any  of  these 
modifications  can  be  considered  advantageous  on  the 
whole. 

Rising  and  Falling  Shutters, — Contrivances  of  this 
type  are  generally  suited  for  large  quantities  of  water 
where  great  accuracy  is  not  required.    The  falling  shutter, 
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as  used  on  canals  in  England  or  Scotland,  is  an  oblique 
shutter  hinged  below,  and  raised  or  lowered  in  front  of 
an  opening  in  the  side  of  the  canal  by  two  floats  in  re- 
cesses, the  water  passing  over  the  upper  edge  of  the 
shutter  in  a  tolerably  uniform  volume.  The  rising 
shutter  is  a  vertical  shutter  in  front  of  an  opening  in 
the  side  of  and  down  to  the  bottom  of  the  canal ;  it  is 
raised  or  lowered  by  means  of  a  float  attached  to  it  by 
a  chain  passing  over  a  runner,  the  float  being  in  a  sepa- 
rate chamber,  and  having  trunnions  and  friction  rollers 
running  in  curved  grooves  or  recesses  on  each  side  of 
the  chamber;  these  cur\'es  require  very  accurate  con- 
struction in  order  that  the  discharges  may  not  vary 
under  different  heads.  Shutters  of  this  description 
having  pressure  on  one  side  only  are  very  liable  to  stick, 
and  get  out  of  order  ;  they  are  hence  very  inferior  in 
practice,  although  new  ones  under  favourable  conditions 
can  be  made  to  work  very  accurately. 

The  above  three  types  comprise  the  whole  of  the  non- 
portable self-acting  modules  that  have  been  much  used 
in  practice  to  good  effect 

Portable  Self-acting  Modules. — In  this  class  we  com- 
prise such  modules  as  could  be  removed  or  replaced 
without  much  difficulty  or  loss.  There  are  three  such 
modules  that  have  attracted  attention,  though  there  are 
probably  others  not  so  well  knowa 

Carrolts  Module. — The  first  is  that  of  Lieutenant 
Carroll,  of  the  Royal  Engineers  ;  its  principle  is  exactly 
that  of  the  well-known  draught  regulator :  the  pressure  of 
the  water  is  made  to  regulate  the  opening  in  the  one 
case  in  the  same  way  as  an  increased  draught  of  air  is 
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made  to  partially  close  the  opening  in  the  other  ;  and  the 
application  of  the  principle  is  excellent  for  the  intended 
purpose — it  can  be  made  almost  entirely  of  iron,  is 
simple,  effective,  and  admits  of  removal  without  causing 
much  loss  or  expense.  Drawings  of  this  module  are 
given  in  the  Rurkhi  Professional  Papers. 

Anderson's  Module, — The  second  is  a  modification  of 
the  hydraulic  lift  regulator,  invented  by  the  late  Mr. 
Appold,  used  to  regulate  the  descent  of  hydraulic  pas- 
senger-lifts under  a  variable  load  ;  it  has  been  applied  to 
its  new  object  by  Mr.  W.  Anderson,  of  the  firm  of  Elas- 
tons  and  Anderson,  and  in  some  respects  resembles  the 
module  of  Lieutenant  Carroll :  the  velocity  through  the 
pipe  of  discharge  is,  however,  in  this  case  made  to  move 
a  suspended  plate  of  curved  form,  in  front  of  an  opening 
also  fixed  inside  the  pipe,  and  the  opening  is  therefore 
reduced  by  increase  of  velocity. 

In  December  1866  some  experiments  were  made 
with  a  6-inch  Appold  regulator  at  the  request  of  Col. 
Smith,  consulting  engineer  to  the  Madras  Irrigation 
Company,  and  of  Mr.  Clark,  hydraulic  engineer  to  the 
Municipality  of  Calcutta. 

In  one  experiment,  in  which  the  regulator  was  used 
to  discharge  water  from  a  tank  f  f  square  internally 
during  13  minutes,  the  surface  of  the  water  in  the  tank 
sank  as  follows,  in  one-minute  intervals :  3'Vt>  3i>  3"nr> 
3i»  3,  3-rV,  Zh  3,  3  re*  3,  3iV»  3*,  3i"  ;— the  total  quantity 
discharged  in  1 3  minutes  was 

=  7'  r  X  TV  X  y  5Y'=  197-22  cubic  feet, 

or  about  i  S  cubic  feet  per  minute. 

In  the  second  experiment,  the  surface  of  the  water  in 


SECT.  I  01/  MODULES.  231 

the  tank  sank  as  follows,  in  one-minute  intervals :  i^-^-^y 

3  i7»   38»   JS*    3i7>    33:;>   38»    38»   38»   3>  3i6»   34»  376"    34>   38» 

3tV  3t6»  3|i»  3i  3''l ;  the  total  quantity  discharged  in 
20  minutes  was 

=  r  T'  X  r  77"  X  y  8" =323  cubic  feet, 

or  about  161 3  cubic  feet  per  minute. 

In  the  latter  case  the  heads  at  the  beginning  and  the 
end  of  the  discharge  over  the  centre  of  the  pipe  were 
22'8  feet  and  1 224  feet. 

In  each  case  the  same  regulator  or  module  was 
used  ;  its  square  aperture  on  the  delivery  side  was  S"^^ 
high,  and  3"|^  broad,  or  a  section  of  2o'''35  ;  the  swinger 
was  3'^-|  wide,  nearly  touching  at  top  and  bottom  ;  the 
case  s^  wide,  and  the  area  for  water  passage  S^^^^'x  i  J" 
=  1 1''77  in  section. 

Two  of  these  Appold's  modules  are  it  is  believed  in 
use  on  the  Tumbaddra  canals  of  the  Madras  Irrigation 
Company.  From  the  convenience  of  form  that  this 
module  possesses,  being  self-contained,  and  externally  a 
simple  iron  tube,  with  an  enlargement  like  a  box  in  the 
middle  of  it,  that  admits  of  being  attached  or  detached 
from  an  orifice  very  rapidly,  it  would  appear  to  be 
preferable  to  that  of  Lieut  Carroll,  and  less  liable  to 
damage  in  transit. 

TAe  equilibrium  module, — The  third  portable  self- 
acting  module  is  the  design  of  the  author  of  this  work, 
and  is  named  the  Equilibrium  Module.  It  consists  in 
the  first  place  of  a  box  or  chamber,  having  an  entrance 
and  an  exit  orifice,  and  one  or  two  air-holes  above  ; 
within  this  box  is  the  pipe  leading  horizontally  from  the 
entrance  orifice  for  a  short  distance  and  then  turning 


232  MISCELLANEOUS  PARAGRAPHS.  chap.  ni. 

vertically  upwards ;  this  is  terminated  by  a  dead  end, 
but  has  two  or  four  slits  or  narrow  vertical  openings  in 
the  sides,  through  which  the  water  passes  when  the 
module  is  open  and  working.  There  is  at  all  times 
enough  water  within  the  chamber  to  rise  above  the  level 
of  these  openings,  and  to  work  a  float  above  them  ;  this 
float,  working  vertically,  raises  or  lowers  the  cap  that 
slides  over  the  head  of  the  pipe,  and  gradually  opens  or 
closes  the  slits  in  accordance  with  the  variation  of  the 
level  of  water  in  the  chamber  ;  which  is  below  the  low- 
water  surface  of  the  canal  or  tank  of  supply.  The  form 
of  construction  adopted  reduces  to  a  minimum  the  depth 
from  the  water-level  within  the  chamber  to  the  openings, 
which  discharge  above  the  sliding  collar,  and  thus  causes 
the  loss  of  head  to  be  unimportant. 

This  is  also  a  small  module,  possibly  only  a  quarter 
larger  than  the  Appold  module  before  mentioned,  and 
equally  convenient  as  regards  portability ;  it  is  simple 
in  design,  being  actually  little  more  than  one  of  the  old 
types  of  equilibrium  steam  valve  applied  as  a  module  in 
a  chamber  under  pressure :  it  could,  however,  be  made 
of  any  size,  the  adjustment  of  the  sizes  of  the  orifices  of 
entrance,  of  exit,  and  of  the  slit-openings  being  the 
only  important  points  of  variation.  It  might  also,  for 
rough  purposes,  be  made  generally  of  stone-ware,  and 
the  pipe  would  then  be  square  in  section  and  have  only 
two  slits,  the  other  two  sides  forming  part  of  the  box. 
This  module  slightly  resembles  the  old  cylinder  sluice, 
which  is  also  a  modification  of  a  double  beat  steam  valve ; 
the  latter,  however,  is  not  so  simple,  being  far  more  liable 
to  choke  or  get  out  of  order,  one  of  its  valves  working 
within  the  pipe,  and  it  is  therefore  not  so  effective  in 
constant  use  as  any  of  the  three  already  mentioned. 
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Mcxiules  have  been  here  treated  as  principally  in- 
tended for  regulating  irrigation  ;  the  reason  of  this  is 
that  the  requirements  are  then  more  stringent  in  many 
particulars.  A  module  for  water  supply  of  other  kinds, 
(frequently  termed  a  water-meter,  although  possessing 
regulating  power)  generally  acts  under  greater  head  and 
freedom  from  silt,  and  may  hence  be  of  coarser  design. 


2.    The  Control  of  Floods. 

The  prevention  of  the  submergence  of  land  by  inun- 
dations from  overcharged  rivers,  and  the  drainage  from 
marshes  and  submerged  land  of  the  water  that  has  been 
allowed  to  accumulate  over  it,  are  kindred  engineering 
problems  that  appear  at  first  sight  to  present  but  little 
difficulty.  Their  theoretical  solution,  when  merely  on  a 
small  scale,  is  ready  and  simple  ;  on  a  larger  one,  how- 
ever, the  practical  details  brought  into  these  problems 
affect  them  to  such  a  degree,  that,  although  the  prin- 
ciples involved  cannot  be  said  to  be  subverted,  their 
carrying  out  is  forced  into  a  comparatively  new  form. 

Land  liable  to  submergence  from  a  river  is  lower 
than  the  extreme  flood-level,  and  in  open  communication 
with  it ;  the  remedies  consist,  therefore,  either  in  lower- 
ing the  extreme  flood-level  in  the  channel  by  providing 
other  passages  for  the  water,  partially  diverting  it,  or 
dredging  out  a  deeper  channel,  or  by  warping  up  the 
land  liable  to  submergence,  or  by  cutting  off  possible 
communication  in  flood  stages  between  the  river  and  the 
land  by  means  of  embankments.  Submerged  land,  again, 
remains  in  that  condition  for  want  of  sufficient  natural 
outfall ;  an  outfall  has,  therefore,  to  be  cut,  tunnelled 
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dredged,  or  enlarged  to  a  sufficient  extent  to  allow^ 
gravity  alone  to  do  the  work,  should  that  be  possible 
or  economically  sufficient ;  in  other  cases  pumps  are  in- 
dispensable. 

Imagining,  then,  the  case  to  be  one  of  an  area  of  a 
few  hundred  acres,  liable  to  inundation  from  a  river  with 
a  moderate  declivity,  the  application  of  these  principles 
involves  generally  but  little  difficulty  as  regards  engineer- 
ing, and  becomes  a  local  economic  question,  rather  than 
an  engineering  practical  problem.  Putting  the  case  again 
on  a  large  scale,  a  vast  tract  submerged  by  the  floods  of 
a  river  having  a  very  small  declivity — the  usual  condi- 
tion when  large  areas  are  submerged — the  dimensions 
entering  into  the  works  that  would  be  necessary  in 
adhering  rigidly  to  the  above  principles  become  so  large, 
that  their  complete  execution  is  positively  impossible  in 
most  cases.  Let  us  adduce  the  embankments  of  the 
Ganges,  the  Mahanaddi,  the  Po,  and  the  levies  of  the 
Mississippi,  which  are  not  and  never  can  be  complete 
and  sufficiently  developed  to  insure,  by  means  of  them- 
selves alone,  the  absolute  protection  of  all  the  lands  on 
their  banks  from  the  devastating  effects  of  extreme 
floods. 

To  this  it  might,  though  perhaps  rather  thought- 
lessly, be  replied,  that  very  extensive  works  may  be  so 
costly  as  to  be  impossible,  but  that  the  application  of  the 
principles  need  not  vary.  It  is,  however,  in  point  of  fact 
also  a  matter  of  modification  of  the  application  of  prin- 
ciple. 

The  case  of  a  comparatively  small  river  supplying 
the  flood,  very  nearly,  and  in  most  cases  totally,  limits 
the  consideration  of  the  flood  to  its  principal  point,  the 
extreme  flood-level ;  the  catchment  area  of  a  small  river 


SECT.  2  THE  CONTROL   OF  FLOODS,  235 

being  tolerably  uniform  supplied  throughout  the  rain- 
fall, its  upper  portions  do  not  require  very  special  con- 
sideration ;  the  declivity  of  the  small  river  being  tolerably 
rapid,  the  condition  of  the  lower  ranges  of  the  river  does 
not  affect  the  matter  to  any  very  important  degree. 
Remote  local  conditions  being  comparatively  disregarded, 
and  it  being  possible  to  cope  with  the  flood  at  the 
required  point  both  successfully  and  economically,  the 
works  involved  are  necessarily  small. 

On  a  large  scale,  on  the  contrary,  the  extreme  flood 
level,  the  nature,  causes,  and  duration  of  the  flood  may 
be  greatly  affected  by  any  of  the  physical  conditions  of 
the  entire  catchment  area  of  the  region  watered  by  the 
river  and  its  tributaries,  from  the  loftiest  hill  on  the 
watershed  down  to  the  currents  of  the  ocean,  miles  be- 
yond the  river's  mouth  ;  and  as  these  physical  and 
meteorological  conditions  vary  greatly  throughout  large 
countries,  a  perfect  knowledge  of  them  as  regards  the 
country  under  consideration  is  absolutely  necessary  in 
order  to  arrive  at  sufficient  information  to  enable  one  to 
propose  measures  for  the  mitigation  of  the  effects  of  the 
flood.  In  other  words,  the  natural  drainage  of  the  whole 
region  under  any  state  or  circumstances,  as  well  as  every- 
thing that  practically  affects  it  in  any  way,  must  be 
thoroughly  known  in  detail. 

It  will  be  unnecessary  to  dilate  on  the  physical  laws 
and  conditions  of  our  sphere,  matters  best  understood 
from  studying  the  larger  works  on  physical  geography 
to  be  found  in  any  good  library :  and  a  knowledge  of 
these  will  hence  be  assumed.  The  detailed  knowledge, 
however,  of  the  special  physical  conditions  and  rainfall 
of  the  region  under  consideration,  may  possibly  not  be 
obtainable  from  any  book  whatever.     It  is  not  sufficient 
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to  possess  meteorological  statistics  of  observations  taken 
at  a  few  towns  in  the  valley  of  the  river,  and  at  one  or  two 
points  or  villages  on  the   hills ;  it  is  needful  to  know 
definitely  what  is  the  greatest  amount  of  rain  that  ever 
falls  in  the  region,  the  greatest  area  in  it  over  which 
rain  falls  at  any  one  time,  and  which  portions  of  the  area 
they  are  likely  to  be  at  any  time ;  or  generally  how 
much  water,  when,  and  where,  so  that  it  may  be  practi- 
cally accounted  for.      Detailed  observations  taken  for 
many  years  at  a  very  large  number  of  meteorological 
stations  are  therefore  requisite,  and  it  is  almost  painful 
to  reflect  in  how  very  few  instances  are  even  a  moderately 
small  number  forthcoming.     As  a  notable  exception  to 
this  apparent  apathy,  may  be  noticed  the  large  number  of 
meteorological  stations  in  the  United  States  of  America, 
and  the  large  sum  annually  spent  by  their  Government 
in  obtaining  such  information.      Besides  the  meteoro- 
logical  data,  a  correct  detailed  topographical  and  hydro- 
graphical  knowledge  of  the  whole  of  the  catchment  of 
the  river,  based  on   engineering  surveys  and   velocity 
observations,  is  necessary  in  order  to  determine  the  dis- 
charge and  the  flood  level  of  the  river  at  any  time,  and 
under  any  possible  meteorological  condition.     Having 
all  this  information  we  are  enabled  at  any  time  to  state 
what  will  be  the  results  in  rise  and  amount  of  discharge 
of  the  river,  corresponding  to  and  resulting  from  any 
special  rainfall  lasting  for  any  usual  or  unusual  time 
over  an  area,  or  detached  portions  of  area  within  the 
catchment  basin,  and  the  evils  to  be  contended  with  arc 
then  fully  known  before  commencing  to  deal  with  them 
and  attempting  to  mitigate  their  ill  effects  by  means  of 
engineering  works  of  any  sort. 

To  this  it  may  be  replied,  that  the  expense  of  ob- 
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taining  all  these  data,  and  especially  those  of  a  hydro- 
graphical  and  topographical  nature,  which  cannot  be 
done  except  by  skilled  hydraulic  engineers,  must  neces- 
sarily be  very  large  ;  and  if  after  all  this  it  should  be 
discovered  that  under  any  circumstances  no  engineering 
works  could  remove  the  evils,  or  even  moderate  them  to 
an  important  extent,  the  expense  would  have  been  use- 
lessly incurred. 

Not  entirely  so.   Even  should  no  works  be  attempted, 
the  information  can  be  made  use  of  in  the  protection  of 
human  life,  and  in  thus  mitigating  the  fearful  effects 
produced   by   sudden    and    devastating    floods.      The 
extent   of  land   liable   to   submergence   under    certain 
conditions  of  rainfall  in  any  part  of  the  country  being 
known   to   a   practical  certainty,  the  telegraph  can  be 
employed  to  warn  the  inhabitants  of  an  impending  flood, 
and  allow  them  to  save  at  least  their  own  lives,  and 
perhaps  also  that  of  their  cattle  and  movable  valuables. 
It  may  be  urged  that  the  terrible  catastrophes  resulting 
in  large  loss  of  life  generally  commence  with  the  bursting 
of  an  embankment,  which  happens  before  the  flood  over- 
tops it ;  doubtless  it  is  so,  but  it  would  be  an  important 
part   of  the   topographical   knowledge   to  ascertain   to 
what  height  of  flood  these  embankments,  which,  when 
in   sound   condition,  are   in    most  cases  only  sufficient 
protection  against  very  moderate  floods,  are  practically 
safe.     Timely  warning  could,  therefore,  be  afforded  in 
any   case,   and   the   inhabitants   would   be   spared  the 
terrible  infliction,  in  case  of  flood,  of  watching  the  waters 
rising,  and  not  knowing  either  how  much  higher  they 
might  rise,  or  to  what  height  of  flood  their  dams  might 
be  safe. 

But  to  proceed  to  the  main  object,  the  protection  of 
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the  land,  as  well  as  its  inhabitants,  when  the  matter  is 
one  of  large  extent  and  importance. 

The  usual  practice  hitherto,  notably  in  the  case  of 
several  districts  in  Holland,  seems  to  have  been,  to 
construct  continuous  lines  of  embankment  along  all  the 
existing  edges  of  the  various  channels  of  the  river,  and 
to  discharge  the  waters  within  them  on  the  flooded  land 
into  the  rivers  by  means  of  pumps.  This  caused,  no 
doubt,  a  certain  amount  of  mitigation  of  evil  up  to 
certain  height  of  flood  level  only  ;  beyond  that,  it  is 
sufficiently  evident  in  theory,  and  has  been  fully 
established  in  practice,  that  the  means  employed  cease 
to  be  a  remedy,  and  become  a  decided  aggravation  of 
the  cause  of  disaster,  effecting  an  excess  of  external 
pressure  on  the  embankments.  Besides  this,  as  the 
channels  of  the  river  are  under  these  circumstances 
allowed  to  silt  themselves  up,  not  only  the  bed  level,  but 
also  the  flood  level  corresponding  to  the  same  amount  of 
discharge,  is  allowed  to  rise  also  ;  a  second  aggravation 
of  the  evil.  Beyond  this  again,  the  immense  length  ot 
these  circuitous  embankments  causes  them  to  be  ex- 
ceedingly costly.  These  three  reasons  will,  it  is  hoped, 
have  sufficiently  demonstrated  the  fallacy  of  employing 
the  means  that  are  occasionally  appropriate  on  smaller 
works  to  those  of  large  extent. 

Before  entering  into  the  subject  of  works  based  on 
better  principles,  let  us  first  examine  the  conditions  of 
a  flood  under  circumstances  that  admit  of  observation. 

Let  us  imagine  ourselves  to  be  standing  on  the  bank 
of  an  Indian  river,  as  wide  as  the  Thames  at  Hammer- 
smith, in  a  mansun  season  of  unusually  high  rainfall, 
the  maximum  annual  rainfall  being  74  inches,  the  day 
maximum   7   inches.     The  mansun,  or  periodic  rainy 
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season,  has  set  in  tolerably  mildly ;  the  river  swells, 
increases  in  depth  and  velocity,  and  is  discoloured  at 
first ;  this  afterwards  passes  away,  and  the  water  then 
runs  steadil)^,  tolerably  clear.  The  rain  increases  in  the 
plains,  and  the  sky  gives  prospects  of  a  heavy  storm  in 
the  direction  of  the  uplands  of  the  river.  Let  us  watch 
the  effect  The  rainfall  of  the  plains,  in  fact  the  down- 
pour all  around  us,  increases  the  depth  and  the  velocity 
of  the  river,  but  its  colour  is  unchanged,  in  fact  it  seems 
nearly  pure.  Suddenly  a  roaring  of  waters,  like  that 
below  an  overtopped  mill  weir,  is  heard,  and  up  stream 
we  notice  a  white  line  of  foam  approaching ;  three  or 
four  minutes,  and  a  flood  sweeps  by  on  the  surface  of 
the  river,  like  a  wall  of  water  3  or  4  feet  in  height ;  ail 
this  water  is  muddy  and  dark  with  detritus.  The 
waters  after  this  again  rise  still  higher  for  twenty-four 
hours,  but  are  yet  muddy  ;  the  low-lying  lands  near  the 
river  are  submerged.  We  learn  afterwards  that  a  con- 
siderable fall  of  rain  has  taken  place  in  the  uplands  of 
the  river,  and  that  towns  and  villages  in  the  plains  have 
been  inundated. 

Such  is  the  flood,  its  subsidence  is  a  matter  of  less 
moment ;  and  such  is  the  type  of  flood  to  which  those 
causing  serious  catastrophes  generally  belong.  In  this 
case  we  fully  satisfy  ourselves  of  the  rationale  of  the 
flood  ;  the  lowland  water  rises  steadily  and  clear,  going 
perhaps  one  mile  an  hour  ;  the  upland  water  comes 
down  with  a  velocity  of  nearly  six  miles  an  hour  and 
charged  with  silt — for  where  else  is  this  velocity  and 
this  silt  to  come  from  except  from  its  course  in  the 
hills  ? — and  tops  the  lowland  water  ;  the  combination  of 
waters  gradually  decreasing  in  speed  spread  themselves 
out  over  the  land  in  the  first  locality,  where  the  form  of 
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channel  and  banks  admit  of  it,  and  perhaps  in  more  than 
one,  extending  even  for  miles  beyond  the  natural  bed  of 
the  river. 

How  is  such  a  flood  to  be  controlled  ?  Apart  from 
the  Dutch  principle,  already  shown  to  be  fallacious  on  a 
large  scale,  there  are  only  two  methods,  either  or  both 
of  which  can  be  adopted.  The  first,  the  improvement  of 
the  whole  of  the  natural  drainage  lines  of  the  country  to 
such  an  extent  that  the  velocity  of  the  waters  may 
under  such  circumstances  be  increased  throughout  the 
whole  course  of  the  river,  and  a  little  beyond  it,  into  the 
sea  or  next  large  river,  and  so  that  the  natural  bed,  thus 
improved,  may  be  sufficiently  large  to  carry  off  any 
previously  known  flood,  without  being  exceeded.  The 
second,  any  means  of  separating  the  upland  from  the  low- 
land waters,  holding  or  retarding  either  the  one  or  the 
other,  or  portions  of  either  one  or  the  other,  and  providing 
for  their  discharge  either  separately  in  different  courses,  or 
at  different  times  in  the  same  watercourse. 

Let  us  first  indicate  the  nature  of  the  works  re- 
quiring execution,  when  the  former  principle  alone  is 
adopted  :  the  perfecting  of  the  natural  lines  of  drainage. 

The  ultimate  free  delivery  of  the  water  into  the  sea, 
or  any  way  entirely  free  of  the  river,  is  perhaps  the 
most  important  point  of  all,  the  low-lying  lands  on  the 
lower  ranges  of  the  river  being  there  more  extensive 
than  elsewhere ;  to  insure  a  free  delivery,  the  main 
outlet  of  the  river  should  be  carried  out  to  deep  water, 
protected  on  both  sides  by  banks  or  jetties,  against  the 
shore  currents,  and  so  directed  as  to  avoid  as  much  as 
possible  the  retarding  influence  of  sea  storms  ;  through 
the  delta,  also,  a  single  direct  channel  of  properly 
determined  dimensions  should  be  made  and  protected 
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by  embankments ;  by  these  means  the  mass  of  water 
will,  in  forcing  its  way  in  this  course  to  the  sea,  scour  for 
itself  a  deeper  bed  at  the  outfall  and  throughout  the 
lower  ranges  of  the  river,  and  carry  off  floods  more 
rapidly,  improving  the  river  continually.  A  further 
advantage  from  confining  the  river  to  one  channel  is 
that  of  the  reclamation  of  a  large  amount  of  land 
previously  occupied  by  marshes,  as  well  as  by  the 
numerous  old  channels  of  the  delta. 

In  the  middle  ranges  of  the  river  the  works  to  be 
adopted  are  all  such  as  will  promote  a  more  rapid 
discharge:  the  enlargement  of  the  bed  wherever  it  is 
contracted  or  narrowed  ;  the  removal  of  obstacles,  rocks, 
small  islands,  silt  deposits,  shoals,  or  anything  that 
impedes  velocity ;  the  straightening  of  the  course 
wherever  it  can  be  done  to  good  effect ;  the  prevention 
of  the  deposit  of  silt  in  such  places  as  would  be 
objectionable  ;  the  deepening  or  dredging  of  the  bed  in 
the  requisite  places  :  the  whole  course  to  be  put  under  a 
regimen  that  would  remain  constant  generally,  and 
besides  continue  to  improve  itself  by  scouring  in  contra- 
distinction to  its  former  habits  of  silting  up  and  causing 
its  flood  levels  to  rise. 

In  the  uplands,  all  the  works  which  should  be  con- 
structed are  those  that  have  for  their  object  the  control 
of  the  detritus  washed  down,  and  the  prevention  of  its 
deposit  at  unfavourable  spots.  If  the  silt  could  by  any 
means  be  entirely  prevented  from  being  carried  down 
into  the  middle  ranges  of  the  river,  or  into  the  plains,  it 
would  be  a  great  achievement ;  but  this  being  hardly 
possible,  palliative  measures  are  perhaps  all  that  can  be 
adopted.  Besides  this,  the  hills  might  be  covered  with 
thick   plantations,   which,   catching  the  rainfall,  would 
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delay  its  departure,  prolong  the  duration  of  the  flood, 
and  thus  lessen  the  amount  of  flood  water  passing  ofT  at 
any  one  time,  or  mitigate  the  flood 

The  necessary  works  dependent  on  the  second  of  the 
principles  previously  mentioned,  would  be  so  greatly 
dependent  on  local  circumstances  that  they  can  only  be 
indicated  generally.  The  separation  and*  control  of  the 
water  from  the  uplands  can  be  attained  by  making 
storage  reservoirs  at  certain  places  at  the  foot  of  the 
hills,  and  running  all  the  water  falling  on  them  into 
these  by  means  of  catchwater  drains  skirting  the  bases 
of  the  hills ;  from  these  reservoirs  the  water  can  be 
allowed  to  escape  under  control  into  the  main  water- 
course ;  or,  if  practicable,  the  upland  waters  may  be 
discharged  through  very  large  catchwater  drains,  inde- 
pendently of  any  reservoir,  into  some  other  collateral 
watercourse  that  may  be  convenient,  employing  even,  if 
necessary,  a  separate  outlet  for  the  discharge  into  the 
sea  of  the  upland  waters. 

In  the  case,  however,  of  the  main  river  or  watercourse 
being  employed  as  the  outlet  for  the  upland  waters,  it 
becomes  necessary  to  separate  the  lowland  waters  from 
them  as  long  as  possible.  In  order  to  do  this,  the 
arterial  drainage  lines  of  the  plains  on  each  side  of  the 
main  river  require  rectifying  and  improving ;  their 
waters  then  have  to  be  cut  off*  from  it,  and  carried  by 
two  canals  down  the  valley  of  the  main  river  as  far  as 
some  point  where  it  may  be  advisable  to  discharge  them 
into  it  through  regulating  sluices,  or,  if  preferable,  into 
some  artificial  reservoirs  or  lakes.  These  latter  works 
would  insure  the  additional  advantages  of  perfecting  the 
entire  drainage  of  the  country,  and  of  having  a  good 
water-supply  for  irrigation 
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The  adoption  of  the  two  principles  thus  described 
would  insure  a  perfect  remedy  and  an  effective  control 
of  floods  under  any  practicable  circumstances.  That 
such  works  would  necessarily  be  expensive  there  is  no 
doubt  whatever,  but  they  would  still  be  less  costly  and 
more  effective  than  the  continuous  lines  of  embankment 
designed  on  the  fallacious  principles  before  quoted  ;  the 
works  again  would  improve  the  rivers  instead  of  deterio- 
rating with  lapse  of  time,  and  the  gain  by  reclamation 
and  irrigation  would,  apart  from  other  collateral  advan- 
tages, yield  a  profitable  return. 


3.  Towage. 

Recent  experiments  show  that  the  pull  on  the  tow- 
rope  of  a  barge  is,  within  practical  limits,  proportional 
to  the  square  of  the  speed,  and  that  it  varies  widely  ac- 
cording the  form  of  the  barge  ;  assuming  then  a  general 
formula, 

where  R  is  the  resistance  in  lbs., 

T  =  the  displacement  of  the  barge  in  tons, 
V  =  the  velocity  through  the  water  in  miles  per 
hour, 
and  6  is  a  coefficient  depending  on  the  form  of  the  barge. 

It  has  been  found  that  for  the  small  and  bluff  barges 

of  about  70  tons  employed  on  the  Thames,  and  for  limits 

of  speed  not  exceeding  5  miles  an  hour,  the  coefficient 

15 
5  =  -5—^  or  generally  about  0*369 ;  and  that  for  well- 

formed  barges  of  medium  size, 

R  2 
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.  0-75  to  1-00  „       ,       ^./M'TA 

0  = 5-=^; —  or  generally  about  0*170  ; 

and  for  the  best  ship-shaped  barges  with  good  lines,  as 
those  employed  on  the  Danube  wire-rope  system,  which 
have  a  length  about  eight  times  their  beam,  and  are 
about  287  tons'  displacement, 

6  =  =^  or  generally  about  0*1 09. 

The  limit  of  speed  for  ships  will  be  about  10  miles  an 
hour,  and  beyond  these  limits  the  resistance  R  would 
vary  with  the  fourth  power  of  F;  but  within  the 
assumed  limits,  calculations  may  be  made  on  the  above 
data. 

The  number  of  horses  required  to  draw  a  train  of 
barges  may  hence  be  readily  deduced.  The  best  perform- 
ance of  a  draughtwhorse  working  8  hours  a  day,  is 
assumed  to  be  at  the  speed  of  2\  miles  per  hour,  when 
he  will  exert  an  average  pull  of  about  120  lbs. ;  substi- 
tuting this  value  in  the  above  formula,  we  obtain  for  the 
tonnage  that  one  horse  will  pull  at  the  speed  of  2*5 
miles  an  hour  in  still  water, 

m  R^  120  ,,^^ 

^  =  ^  .^  ira  =  .  ,^  . — ^Tz  =  113  tons. 
017  V^       01 7  (2-5)2 

In  a  current,  the  resistance  or  the  pull  upon  the  tow- 
line  will  increase  as  the  square  of  the  speed  through  the 
water,  but  the  horse  in  this  instance  moving  over  the 
ground  is  going  at  a  less  speed  than  that  of  the  boat 
through  the  water  ;  and  this  is  an  important  distinction, 
which  must  not  be  overlooked  in  estimating  the  effect  of 
a  current.  The  mode  in  which  the  necessary  correction 
must  be  effected  will  be  best  illustrated  by  an  example. 
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Referring  to  the  last  example,  let  us  assume  that  the 
barge  of  113  tons'  displacement  encounters  an  adverse 
current  of  i  mile  an  hour,  and  it  is  required  to  know  the 
reduced  speed  at  which  the  horse  will  then  go,  assuming 
him  to  be  performing  the  same  average  work  per  hour. 

In  the  last  case,  the  said  work  in  mile-pounds  was 
1 20x2*5  =  300  mile-pounds  per  hour;  in  the  present 
case  the  pull  upon  the  rope  will  be  proportional  to  the 
square  of  the  velocity  through  the  water  ( F),  and  the 
pull  the  horse  is  capable  of  pulling  will  be  inversely  pro- 
portional to  the  velocity  at  which  he  is  travelling  (v) ; 
and  the  difference  between  these  two  velocities  will  be 
the  speed  of  the  current  (Vj) ;  we  have  therefore 

V  =  v-\-Vy  where  t;,=  l  mile  per  hour 
R=   17  T  F» 
and  Rv  =  300  mile-pounds  per  hour 

F«(F±  V,)  =  15-4 

whence  R  =  19-4  F^  and  F'»-F^=15-4. 

Solving  which  we  obtain  F  =  2  86  miles  per  hour,  the 
speed  of  the  boat  through  the  water ;  and  the  speed 
past  land,  or  rate  at  which  the  horse  is  going,  will  be 
2*86— I  =  1*86  miles  an  hour. 

It  will  be  observed  from  this  example  that  the  in- 
fluence of  the  current  is  relatively  less  important  when 
horses  are  employed,  than  when  steam-tugs,  either  paddle 
or  screw,  are  used,  the  reason  being  that  in  the  latter 
case  the  reaction  operates  upon  the  moving  current, 
whilst  in  the  first  case  against  the  immovable  tow-path. 
Thus  in  the  present  example,  if  the  power,  instead  of 
being  an  animal  moving  on  the  tow-path,  had  been  a 
steam  horse  in  a  tug,  the  speed  through  the  water  would 
be  the  same,  whether  the  water  was  still,  or  ever  so  rapid 
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a  current  In  this  instance  2*5  miles  an  hour  the  speed 
past  the  land,  which  is  the  useful  result,  would  be  reduced 
to  r;  miles  an  hour  in  the  case  of  the  tug,  instead  of  to 
r86  when  horses  are  used. 

The  difference  of  conditions  will  be  more  strongly 
marked  if  we  assume  the  current  to  be  2*5  miles  an  hour, 
because  then  it  is  obvious  that  the  steam  tug,  capable  of 
moving  through  still  water  at  that  rate,  would  simply 
simply  maintain  its  position  if  it  encountered  such  a  cur- 
rent ;  and  although  the  paddle-wheels  or  screw  would 
be  revolving  at  the  same  rate  as  before,  the  only  result 
of  their  effects,  namely,  the  maintenance  of  position  of 
the  boat,  would  be  equally  attained  if  she  dropped 
anchor  ;  in  short,  the  whole  power  exerted  would  be 
thrown  away.  In  the  instance  of  the  barge  towed  by 
horses,  on  the  other  hand,  the  whole  power  exerted 
would  be  utilised  ;  and  it  may  be  shown  by  the  same 
reasoning  as  in  the  last  example,  that  the  113  ton  barge 
would  be  towed  by  one  horse  against  a  current  of  2'S 
miles  an  hour,  at  the  rate  of  i^  miles  an  hour. 

Obviously  the  same  reasoning  would  apply,  whether 
the  motive  power  on  the  tow-path  were  horses  or  a 
locomotive,  or  whether  the  tow-path  were  dispensed 
with,  and  a  rope  were  laid  down  in  the  bed  of  the  river, 
and  coiled  round  a  drum  in  a  steam-barge  in  the  manner 
now  generally  admitted  to  be  the  most  economical  mode 
of  conducting  heavy  traffic  at  a  slow  speed  in  rivers  of 
rapid  current  and  on  still-water  canals. 

From  the  above  we  may  conclude  that,  in  order  to 
tabulate  for  the  effect  of  a  current  on  the  diminution  or 
increase  of  speed  of  a  horse,  we  have  to  calculate  the 
increased  or  diminished  value  of  F,  the  velocity  through 
the  water,  and  apply  it  in  the  general  formula — 
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inserting  different  values  for  the  constant  6,  which  lie 
between  '109  and  '369,  according  to  the  form  of  the 
barge. 

In  the  above  case  2J  =  120  lbs.  for  a  draught  horse  ; 
but  for  other  animals  corresponding  values  of  ii,  with 
reference  to  their  best  continuous  speed,  can  be  applied. 

Assuming  a  case  of  a  current  of  3  miles  an  hour,  and 
that  the  ordinary  limits  for  the  speed  of  the  horse  in 
towing  a  load  with  and  against  stream,  are  4  and  i  mile 
an  hour  respectively,  the  velocity  through  the  water 
becomes  i  and  4  miles  an  hour,  and  the  loads  706  and 
44  tons,  the  horse  performing  the  same  average  work, 
but  executing  the  average  pull  of  75  lbs.  with  stream,  and 
300  against  it. 

The  values  required  are  given  for  the  limits  in  the 
following  form. 

For  barges  having  113  tons*  displacement,  and  a  co- 
efficient h  =  0*17,  the  results  are  as  follows: — 


With  a 
r,«30 

current  *i 

2-5 

i-o 

In  still  water 
0 

Against  a  current  V| 
I-O           2*5           3*0 

F=i79 
V  -  479 

1-88 
4-38 

2*2 

3*2 

2-5 
2-5 

2-86        3*66        3*97 
1-86        I '16          '97 

F.- 

5-00 

3-5 

2-5 

1*5         0         —0*5 

Here  v,   is   the   velocity  of   the   current,  whether 
favourable  or  adverse. 

V  is  the  velocity  of  the  barge  through  the  water. 

V  is  the  speed  of  the  horse. 

Fj  is  the  velocity  through  the  water  for  the  case 
in  which  a  steam-barge  is  used,  and  is  given  to  illustrate 
the  comparison.     The  foregoing    formulae  on   towage 
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were  denounced  by  a  reviewer  in  *  The  Engineer ; ' 
apparently  the  critic  had  confounded  formulae  for  resist- 
ance with  those  for  horse-power  ;  yet  a  reply  forwarded 
to  the  denunciation  was  not  published  in  the  paper 
referred  to.  A  more  important  paper  would  have  been 
great  enough  to  acknowledge  a  blunder :  the  attempt 
to  shelve  it  has  not  succeeded. 


4.    On  Various  Hydrodynamic  Formulae. 

The  results  of  the  various  formulae  given  for  deter- 
mining discharges,  according  to  various  authors,  vary 
very  greatly  ;  and  it  is  hence  interesting  to  examine 
them  in  a  tabulated  form  in  comparison  with  measured 
discharges. 

The  following  data  of  comparison  are  given  by  Mr. 
David  Stevenson,  and  by  Captains  Humphreys  and 
Abbot ;  they  apply  to  four  cases  of  river  discharge, 
from  a  small  stream  up  to  the  Mississippi ;  thus  inclu- 
ding all  limits  within  which  such  formulae  are  required. 

I.  For  a  small  stream  of  24  cubic  feet  per  second. 
Mr.  David  Stevenson  made  careful  measurements,  and 
velocity  observations,  and  compared  the  deduced  re- 
sults with  the  results  of  formulae,  thus  : 


1.  Deduced  discharge  . 

2.  By  Dubuat's  formula 

3.  By  Robinson's  formula, 

4.  By  Ellet's  formula 

5.  By  Beardmore's  tabfes 

6.  By  Downing's  formula,  coefficient  1*00 

7.  By  Leslie's  formula,  coefficient  o'68  . 


24*22 

3250 
36-90 
46*40 
3892 
4123 
28*04 


2.  For  a  river  of  2424  cubic  feet  per  second.     Mr. 
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David  Stevenson  and  Dr.  Anderson  made  velocity 
observations  on  the  Tay,  at  Perth,  and  the  comparisons 
are  thus : 


1.  Deduced  discharge    . 

2.  By  Ddbuat's  formula 

3.  By  Robinson's  formula 

4.  By  Ellet's  formula     . 

5.  By  Beardmore's  tabular  formula 

6.  By  Downing's  formula,  coefficient  i  '00 

7.  By  Leslie's  formula,  coefficient  o'68    . 


2423 
2987 
2560 
2033 
2609 
2769 
2083 


It  is  unfortunate  that  in  these  two  cases  the  hydraulic 
data,  which  would  enable  us  to  extend  the  comparison 
to  other  formulae,  are  not  given. 

3.  For  a  large  river  of  3 1  864  cubic  feet  per  second  ; 
the  data  of  the  Great  Nevka,  measured  by  Mr.  Destrem 
were  as  follows : 

Area  of  section  15  554  sq.  feet ;  width  881  feet ; 

discharge  31  864  c.  feet ;       perimeter  893 

mean  velocity     2*0486  ft.  per  sec. ;  max.  depth  21 
hydraulic  slope  0*000  014  87  : 

The  following  are  the  results  due  to  these  data  cal- 
culated by  various  formulae  and  compared  with  the 
actual  discharge : 


» 


» 


I.  Deduced  discharge 

.     31  864 

2.  Young's  coefficient  . 

.     21  102 

3.  Eytelwein's  coefficient 

•     23  389 

4.  Downing's  coefficient 

.     25031 

5.  Dubuat's  formula     . 

.     16  931 

6.  Girard's  formula 

.     22  491 

7.  De  Prony's  canal  formula 

22357 

8.  Young's  formula 

.     19777 

9.  Dupuit's  formula 

•     23  456 
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I  a  St  Venant's  formula 

1 1.  Ellet's  formula 

12.  Humphreys*  formula 


21  8ii 
13807 

39938 


4.  For  a  very  large  river,  the  Mississippi  at  Carrolton, 
the  measured  data  at  high  water  in  185 1,  were, 

Area  of  section     193  968  sq.  ft. ;     width     2653  feet ; 
discharge  i  149  948  c.  ft ;  perimeter  2693 

mean  velocity      59288  ;  maximum  depth    136 
hydraulic  slope   O'ooo  020  5 1  ; 


n 


f» 


and  the  corresponding  results,  which  are  kept  in  terms 
of  mean  velocity  to  lessen  the  figures,  were, 

1.  Deduced  mean  velocity . 

2.  Young's  coefficient . 

3.  Eytelwein's  coefficient     . 

4.  Downing's  coefficient 

5.  Dubuat's  formula    . 

6.  Girard*s  formula     . 

7.  De  Prony's  Canal  formula 

8.  Young's  formula     . 

9.  Dupuit's  formula    . 

10.  St  Venant's  formula 

11.  Ellet's  formula 

12.  Humphreys'  formula 

A  careful  examination  of  these  results  in  four  cases 
of  rivers  cannot  fail  to  be  instructive. 

In  the  fourth  case,  a  very  large  river,  Humphreys' 
formula  is  by  far  the  most  correct,  and  then  come 
in  order  of  correctness,  Dupuit,  Girard,  and  Downing, 
while  Ellet  and  Dubuat  are  again  the  worst  In  the 
third  case.  Downing  is  most  correct,  then  Dupuit,  after- 
wards Humphreys'  formula,  and  Ellet  and  Dubuat 
again  the  worst     In  the  second  case  Ellet  and  Dubuat 


.     5-9288  feet  per 

second 

.     3-2400 

if 

.     3-5898 

9« 

19 

.     38434 

)l 

9) 

.     2-7468 

9) 

.    4-8148 

f> 

99 

.     37271 

99 

.    32741 

99 

•    4-8752 

99 

•     3-4907 

99 

.     3-0451 

99 

•    5-8903 

99 
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1.  Small  stream 

2.  Small  river 


24 
2424 


3.  Large  river      31  864 

4.  Very  large  i  149  948 


Wont  Formulae 
Downing 
Ellet  and  Dubuat 

Ellet  and  Dubuat 

Ellet  and  Dubuat 


remain  the  worst,  and  the  best  are  Robinson,  Beard- 
more,  and  Downing.  In  the  first  case  Leslie  and 
Dubuat  are  best,  and  Downing  worst 

It  will  be  understood  that  the  formula  mentioned  as 
Downing's,  being  more  familiar  to  many  under  that 
name,  is  really  that  of  d'Aubuisson,  applied  to  English 
measures,  without  any  modification. 

Collecting  the  results,  the  formulae  may  be  thus 
compared : — 

Best  Formulae 
Leslie  and  Dubuat 
Robinson,  Beardraore,  and 

Downing 
Downing,     Dupuit,     and 

Humphreys 
Humphreys,  Dupuit, 

Girard,  and  Downing. 

The  inevitable  conclusion  from  all  these  comparisons 
is  that  not  one  of  these  formulae  is  correctly  applicable 
to  rivers  of  different  sizes,  nor  holds  its  own  equally  as 
regards  correctness  throughout.  For  the  few  and  special 
cases  in  which  the  discharge  of  an  extremely  large  river 
is  required,  the  Humphreys  formula  might  be  used 
advantageously,  in  spite  of  its  form  being  rather  un- 
wieldy ;  and  in  the  same  way  Dupuit's  formula  for  a 
large  river.  But  for  ordinary  general  purposes  the 
thing  that  the  practical  hydraulic  engineer  requires  is  a 
formula  tolerably  well  suited  to  all  cases  and  of  a 
simple  form,  so  as  to  admit  of  easy  rapid  calculation. 
The  most  simple  formula  having  a  fixed  coefficient  is 
that  of  Downing  or  d'Aubuisson,  which  gives  for  mean 
velocity  of  discharge 

F  =  100  (BS)* 
where  R  =  mean  hydraulic  radius 
and  &  s=  mean  hydraulic  slope ; 
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and  this,  too,  is  the  formula  shown  to  have  been  gener- 
ally the  most  correct  throughout  all  the  comparisons 
and  discrepancies,  failing  only  in  the  very  smallest 
streams,  and  evidently  worse  according  as  the  stream 
or  discharge  is  less.  This  then  is  the  best  basic  formula 
for  general  purposes,  though  it  requires  modification  by 
experimental  coefficients  to  answer  ordinary  require- 
ments in  canals  or  canalised  rivers. 

The  formulae  of  Young,  Eytelwein,  Beardmore, 
Stevenson,  and  Leslie,  all  belong  to  this  t)'pe,  merely 
using  other  fixed  numerical  coefficients  instead  of  lOO. 

Putting  the  basic  formula  into  the  general  form 

y  ^  c  X  \oo  {RSf 
where  c  =  i  according  to  Downing, 

the  values  of  c,  according  to  the  other  formulae  of  the 

same  type  are  thus : 

c 

Young,  for  large  streams 0*843 

Neville,  rivers,  velocity  <i '5  feet    ,     •  .        .        .0*923 

i>  ,»  ^y       >i*5  ^eet    ....  o*933 

Eytelwein,  generally       ......  0*934 

Beardmore,  open  channels 0*942 

Stevenson,  for  rivers  of  30  cubic  feet      .        .        .  0*690 
„  „      2500  cubic  feet      .        .        .  0*960 

Leslie,  small  streams 0*688 

„       large  streams i  * 

Downing,  Taylor,  d'Aubuisson,  for  open  channels  .  i* 


By  comparing  results  through  formulae  containing 
these  coefficients,  we  may  then  tabulate  a  series  of  variable 
values  of  c  that  will  be  practically  correct,  when  suit- 
ably applied  into  the  general  formula.  The  comparisons 
before  mentioned  show  that  Downing's  coefficient  i*oo 
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gives  too  small  results  in  cases  when  the  area  exceeds 
7000  square  feet,  with  a  mean  velocity  of  2*5  ft,  or  a 
discharge  of  17  500  cubic  feet  per  second,  and  too  large 
results  for  cases  of  smaller  data  ;  that  the  Eytelwein 
coefficient  934  in  the  same  way  is  too  small  above  and 
too  large  below  discharges  of  about  2000  cubic  feet  per 
second  ;  and  the  Young  coefficient  -843  is  incorrect  for 
everything  above  900  cubic  feet  per  second  ;  also  that 
for  petty  streams  of  25  cubic  feet  per  second,  a  coefficient 
of  about  '600  is  tolerably  correct. 

It  is  evident  then  that  with  a  very  large  number  of 
cases  of  carefully  measured  discharge,  this  principle  of 
determining  practical  coefficients  in  relation  to  approxi- 
mate volume  or  velocity  might  be  carried  out  to  further 
exactness ;  allowances  for  irregularities,  lateral  bends, 
and  so  forth,  being  either  comprised  in  or  made  inde- 
pendent of  this  coefficient. 

Kutter^s  coefficients  comprise  all  such  allowances, 
they  introduce  a  subsidiary  variable  coefficient  of  rugosity, 
and  are  applied  in  the  general  formula,  to  canals  and 
rivers  of  every  sort. 

The  author's  coefficients  (c)  are  analogous  to  Kutter's, 
being  dependent  on  fixed  surface-rugosity  coefficients 
(n)  valuated  differently,  but  do  not  comprise  irregu- 
larities or  bends  ;  they  apply  to  canals  and  are  not 
intended  for  rivers. 

Since  the  above  was  written,  the  large  hydraulic 
experiments  of  Captain  Allan  Cunningham  on  the 
Ganges  Canal  have  also  indisputably  demonstrated  that 
the  whole  of  the  old  hydraulic  formulas,  including  the 
more  recent  formula  of  Bazin,  utterly  fail  in  general 
application.  The  variable  coefficients,  adopted  with  the 
applied    modifications    in   the   authors   Canal    Tables, 
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are  declared  to  be  the  sole  coefficients  of  general  appli- 
cability, yielding  results  within  y\  per  cent  of  quantities 
determined  by  experiment  ;  while  these  latter  are  ad- 
mittedly liable  to  an  error  of  3  per  cent  in  the  cases  of 
the  Ganges  Canal.  The  errors  due  to  the  old  formula 
above  proved  to  amount  to  50  per  cent,  and  even  more^ 
will,  it  is  hoped,  not  find  now  any  supporters. 

To  apply  the  same  method  of  comparison  to  dis- 
charges through  pipes,  taking  the  same  general  formula, 

V  ^  c  X  too  {RS)\ 

This  formula  being  more  convenient  in  practice  in  terms 
of  the   diameter  of  the  pipe  (d),  it  becomes  for  full 

cylindrical  pipes,  where  R=id  ;  F=cx  50  (dS)-, 

And  again  as  the  actual  discharge  is  the  quantity  most 
often  wanted,  this  is 

Q=Av=zcx  0-7854  d^  x  50  (Sd)^=c  x  39-27  (S^d*)*; 

and  transposing  this,  we  have  ^=^^^^{^)  • 

Taking  an  example  to  compare  the  results  of  the 
various  formulae,  let  Q  =  18'57  cubic  feet  per  second, 
when  <S=  1  in  1276  ;  the  results  then  are  for  diameter  : 


1.  By  Dubuat's  fomiula 

2.  By  Neville  coefficient  '228 

3.  By  the  above  formula,  coefficient  0*2 

4.  Young's  modification  of  Eytelwein 

5.  Beardmore,  coefficient  '235 

6.  Hawksley  (in  Box^s  tables) 

7.  De  Prony  and  d'Arcy 

8.  De  Prony's  modification  of  Dubuat 

9.  Gemey 


3374 
36-80 

37" 

37*17 

37*92 

3959 

4771 
48-16 

48-84 
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Besides  these,  there  are  very  many  authors  that 
would  give  results  for  diameter  very  much  below  that 
of  Young ;  it  appears  also  that  none  of  these  formulae 
apply  equally  well  to  both  high  and  low  velocities  of 
discharge,  although  it  is  unfortunate  that  a  sufficiently 
large  number  of  data  are  not  forthcoming  to  determine 
correctly  the  limits  at  which  it  would  be  advisable  to 
change  the  coefficient 

The  above  comparisons,  while  showing  the  merits  of 
the  various  formulae  in  certain  cases,  also  point  to  the 
very  evident  conclusion  that  a  variable  coefficient  of 
discharge  is  necessary  for  rivers,  canals,  and  pipes  ; 
and  that  it  must  be  suitable  both  to  the  dimensions,  the 
surface,  the  fall,  and  conditions  of  irregularity  of  each 
particular  case.  The  best  mode  now  known  of  doing  this 
in  cases  of  canals,  artificial  channels,  culverts,  and  pipes, 
is  applied  in  Chapter  I.  of  this  Manual.  With  rivers, 
however,  some  velocity-observation  is  indispensable. 


5.  The  Watering  of  Land. 

The  following  is  the  usual  mode  of  classifying  crops 
with  regard  to  their  special  treatment  under  irrigation. 
I.  Grass  meadows,  or  natural  meadows  of  gramineae.  2. 
Dry  grain  crops  or  cereals.  3.  Leguminous  crops.  4. 
Root  crops.  5.  Those  specially  requiring  more  water  : 
rice,  indigo,  tobacco,  sugar,  bamboo,  water-nuts.  6. 
Garden  or  fruit  crops.     7.  New  plantations,  and  trees. 

Peculiarities  of  climate,  soil,  and  water  will  generally 
affect  the  amount  of  water  required  for  irrigation  pro- 
bably more  than  the  species  of  crop.  In  England 
meadows  of  grass  land,  or  Italian  rye-grass,  are  those 
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that  generally  profit  most  from  irrigation.  The 
usual  plan  is  to  keep  the  land  flooded  to  a  depth  of 
two  inches  during  the  months  of  October,  November, 
December,  and  January,  for  twenty  days  at  a  time,  and 
then  to  let  the  water  drain  off  from  it  for  five  days, 
before  putting  it  again  under  water.  In  frosty  weather 
however,  the  field  should  always  remain  flooded.  In 
February  and  March  the  fields  are  flooded  for  eight 
days  at  a  time  at  night  only  ;  at  the  end  of  March  the 
land  is  left  dry ;  and  in  May  the  grass-crop  is  cut 
Irrigating  fields  in  England  in  the  hot  weather  is  liable 
to  produce  rot  in  sheep,  but  does  not  harm  cattle. 

There  are  two  methods  of  laying  out  the  courses  or 
channels  in  English  fields  : 

1.  The  bed  work  system,  applicable  to  flat  land. 

2.  The  catchwater  system,  applicable  to  steeper 
country. 

According  to  the  former,  the  land  is  made  into  a  series 
of  very  flat  ridges,  having  a  general  direction  nearly  at 
right  angles  to  the  channel  of  supply,  and  being  never 
more  than  70  yards  long  and  about  40  feet  wide,  the 
inclination  of  the  ridge  itself  having  a  fall  of  about  I  in 
500,  and  the  inclinations  of  the  sides  of  the  flat  ridges 
varying  with  the  retentive  power  of  the  soil,  from  I  in 
100  to  I  in  1000 ;  the  crown  of  the  ridges  is  not  neces- 
sarily, therefore,  in  the  middle  of  the  breadth  of  the  base 
of  the  ridge.  The  feeding  and  drainage  channels  are 
generally  from  20  inches  wide  at  their  junctions  to  12 
inches  at  their  ends. 

The  catchwater  system  used  in  Devonshire  and 
Somersetshire  consists  of  a  series  of  ridges  made  across 
the  general  course  of  the  water,  which  hold  the  water 
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up,  and  retain  it  over  successive  long  strips,  the  water 
passing  slowly  round  the  end  of  one  ridge  to  the  lower 
land  above  the  next  ridge,  and  so  on.  This  is  neces- 
sarily far  cheaper  than  the  other  system — about  half,  and 
can  be  carried  out  at  the  cost  of  about  five  pounds  an 
acre. 

Throughout  the  world  generally,  there  may  be  said 
to  be  only  four  methods  of  distributing  water  on  or 
throughout  surfaces,  of  which  all  others  are  mere 
modifications.  In  all  cases  it  is  best  that  the  land 
should  have  one  general  slope  throughout,  the  irrigation 
channel  running  along  the  head  of  this  slope,  the  main 
catchment  drain  along  the  bottom. 

The  first  method  is  that  to  which  the  English 
bedwork  system  belongs,  the  field  being  prepared  in 
furrows  and  ridges  alternately  from  the  head  to  the  foot 
of  the  slope,  either  in  the  direction  of  the  fall  or  making 
an  angle  with  it,  according  as  the  quality  of  the  soil 
and  the  general  slope  of  the  land  may  require ;  these 
flat  furrows,  being  from  10  feet  to  50  feet  wide  and  only 
a  few  inches  in  depth,  receive  the  water  from  the 
irrigating  channel,  which  will  then  cover  the  land  nearly 
up  to  the  crests  of  the  ridges,  or  in  fact  entirely  if 
need  be. 

The  second  method  is  very  similar  to  the  first,  but 
the  water,  instead  of  flowing  in  the  furrows,  runs  in  little 
trenches  cut  along  the  crests  of  the  ridges,  overflows  the 
sides,  waters  the  slopes,  and  drains  off  in  the  furrows 
down  to  the  main  catchment  drain.  The  ridges  used  in 
this  system  are  generally  wider  than  those  of  the  first 
system,  and  have  a  greater  lateral  inclination. 

The  third  or  commonest  method  for  applying  water 
on  a  small   scale  is   to  distribute   the  water  in   little 
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trenches  around  small  squares  and  rectangles  of  land, 
allowing  it  to  permeate  throughout  the  surface  inclosed, 
which  must  be  very  nearly  level  with  the  water  in  the 
trenches. 

The  fourth  method,  most  commonly  adopted  in 
Spain,  Portugal,  and  India,  in  cases  where  it  is  required 
that  a  lai^e  quantity  of  water  should  remain  on  the 
land  for  some  time  (as  on  rice-crops,  and  several  grain 
and  other  crops  in  their  early  stages,  that  could  not 
thrive  on  hard  baked  soil),  consists  in  levelling  the  land 
into  a  number  of  nearly  flat  squares  and  rectangles, 
divided  from  each  other  by  small  ridges  or  dwarf  mud 
walls,  to  hold  the  water  on  them.  The  number  of  rect- 
angles  depends  on  the  fall  of  the  ground  ;  the  water  is 
allowed  to  flow  in  at  some  comer  or  temporary  break, 
and  flow  out  in  the  same  way  on  to  the  next  rectangle 
when  it  has  remained  sufficiently  long. 

As  to  soil : — For  the  surface,  the  most  permeable  is 
best,  being  most  easily  warmed,  and  allowing  the  water 
to  arrive  at  the  roots  of  the  grass  most  quickly;  a 
retentive  surface-soil  causes  evaporation,  and  cools  the 
land,  which  is  generally  a  disadvantage,  though  not  so 
under  some  circumstances  ; — a  subsoil  of  clay,  being 
retentive,  is  an  advantage  in  very  dry  climates,  as  it 
economises  water.  In  hot  climates  the  nature  of  the  soil 
is  of  inferior  importance  to  the  quality  of  the  silt 
transported  and  deposited. 

As  to  the  quantity  of  water  required  for  irrigating  a 
certain  area: — In  Piedmont  and  Lombardy  one  cubic 
foot  per  second  waters  50  to  100  acres  of  marcite  or 
grass-land,  or  only  40  acres  of  rice ;  in  England  the 
amount  required  is  generally  also  i  cubic  foot  per  second 
per  50  to  100  acres ;  in  the  Madras  Presidency  and  in 
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the  North-West  Provinces  I  cubic  foot  per  second 
waters  in  ordinary  seasons  100  acres  of  rice,  or  other 
very  wet  cultivation,  but  in  very  dry  seasons  the  duty 
is  as  low  as  50  acres.  Taking  all  the  crops  watered 
throughout,  counting  single  waterings  in  all,  the  duty 
per  cubic  foot  per  second  is  200  acres  both  in  Northern 
and  in  Central  India;- the  highest  duty  actually 
performed  being  about  270.  In  Northern  India  one 
cubic  foot  per  second  waters  4^  to  5^  acres  for  24  hours. 
But  details  as  to  amount  necessary  in  Spain,  Italy, 
France,  for  Orissa,  the  Panjab,  and  India  generally,  will 
be  found  in  the  Hydraulic  Statistics. 

As  to  quality : — Pure  water  is  bad  for  rice  cultivation, 
and  is  always  far  inferior  to  that  which  brings  fertilising 
particles  with  it.  The  best  water  for  irrigating  land 
may  be  said  to  be  that  which  brings  with  it  a  fertilising 
matter  most  suitable  to  the  improvement  of  the  land 
under  irrigation.  As  a  rule,  water  containing  much 
hydrous  oxide  of  iron  is  very  bad ;  so  also  the  water  that 
comes  from  forest  or  peat-moss  is  inferior.  The  water 
that  comes  from  a  granite  formation,  holding  potash,  is 
good  ;  so  also  is  water  that  comes  from  pure  carbonate 
of  lime  ;  if  the  water  is  brackish,  it  is  no  objection  ;  salt- 
water meadows  are  highly  productive.  A  good  method 
of  foretelling  the  effects  of  the  water  is  by  observing  the 
natural  products  of  the  irrigating  water,  such  as  the 
grasses  and  plants  that  grow  on  its  borders. 

With  regard  to  the  temperature  of  the  water,  very 
cold  spring-water  is  not  generally  good,  and  crops 
require  careful  preservation  from  the  effects  of  frost  in 
winter.  Warmed  water  is  generally  advantageous,  and 
causes  rapid  growth ;  it  is  partly  for  this  reason  that 
water  that  has  been  long  exposed  to  air,  soil,  and  sun  is 
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more  fertilising  than  it  was  in  its  previous  condition. 
Morning  and  evening  are  the  best  times  for  watering. 
The  long  exposure  of  the  water  is  much  affected  by  the 
inclination  of  the  land  ;  the  inclination  of  the  main 
channels  in  Lombardy  is  about  i  in  3600,  in'  Piedmont 
I  in  1600,  in  Provence  i  in  1000,  in  Tyrol  i  in  500  to 
I  m  300,  in  Northern  India  it  is  generally  kept  between 
I  in  1000  and  i  in  2000.  In  India  generally  it  is  usual 
so  to  arrange  the  inclinations  that  the  resulting  mean 
velocity  of  current  may  never  exceed  three  feet  per 
second. 

In  connection  with  the  watering  of  the  land,  the 
management  of  its  drainage  is  a  matter  of  the  highest 
consequence.  Modes  and  styles  of  drainage  are 
necessarily  varied,  according  to  local  circumstances  ;  but 
they  all  have  one  main  object,  to  keep  the  circulation  of 
the  water  and  the  air  through  the  soil  under  perfect 
command,  so  that  the  periods  of  intermission  may  be 
so  managed  as  to  suit  the  soil,  the  crop,  and  the 
circumstances.  Any  want  of  good  management  on  this 
point  is  liable  to  cause  most  deplorable  results  ;  stagna- 
tion, causing  decomposition  and  malarious  effects  in  the 
neighbourhood,  and  even,  in  the  case  of  sewage  irrigation, 
making  the  very  crops  grown  to  be  useless  as  food  for 
man  or  beast. 

For  the  healthy  support  of  crops,  a  certain  amount 
of  water  and  of  stimulant  may  be  used  advantageously 
{see  Hydraulic  Statistics  :  Watering  of  Crops  in  France) ; 
beyond  this,  any  addition  is  worse  than  a  loss — it  is  a 
positive  source  of  injury — clogging  the  soil,  and 
preventing  it  from  fulfilling  its  necessary  functions. 
With  regard  to  the  period  of  intermission  advisable,  it 
probably  varies  greatly  ;  recent  experience  in  England 
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would,  however,  seem  to  show  that  equal  intervals  of 
watering,  and  of  draining  off,  for  twelve  hours  at  a  time, 
aiford  the  most  rapid  way  of  utilising  in  irrigation  as 
much  sewage  as  possible :  further  experience,  however, 
is  perhaps  likely  to  show  that  this  is  not  by  any  means 
a  rule  to  be  followed  generally  in  all  soils  and 
conditions. 

Assessment  of  Water-rate, — There  are  three  principles 
on  which  water-rate  may  be  levied  on  land. 

1.  By  fixed  outlet,  or  by  module. 

The  small  channel  of  supply  being  constantly  full 
and  of  a  certain  section,  the  rate  may  be  charged  at  so 
much  per  square  inch  or  square  foot  of  section,  inde- 
pendently of  the  amount  of  pressure,  for  a  certain  time, 
as  by  the  hour  or  day  of  24  hours.  This  has  been 
adopted  in  Italy,  but  has  not  been  found  to  act  well. 

A  further  development  of  this  method  is  to  regulate 
by  module  all  the  water  when  distributed  ;  a  mode  more 
likely  to  be  adopted  at  present,  now  that  modules  are 
less  expensive  and  more  effective  than  formerly. 

2.  By  area  of  land  irrigated,  or  by  crop. 

This  has  the  following  disadvantages  ;  the  land  to 
be  irrigated  is  always  varying  in  amount,  and  this 
cannot  be  watched  in  detail  continually,  nor  can  the 
landowners  be  trusted  to  state  truthfully  the  amount  of 
acreage  over  which  water  has  been  distributed.  The 
crop  can  also  be  varied,  so  as  to  use  more  or  less  water, 
and  the  payment  by  crop  also  would  be  useless  against 
cheating.  Again,  in  a  good  rainy  season  the  cultivator 
might  try  under  these  circumstances  to  do  without  the 
canal  water,  thus  causing  the  water-rate  to  be  precarious. 

3.  Water  distribution  by  rotation. 
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An  irrigating  channel  of  fixed  dimension,  giving  a 
constant  fixed  discharge,  passes  through  the  lands  of 
several  proprietors ;  a  period  of  rotation  is  fixed  for  this 
channel,  from  6  to  i6  days  according  to  the  crops,  the 
former  for  rice  and  the  latter  for  meadow  land,  as,  for 
instance,  in  Italy.  Each  landowner  can  then  have  the 
whole  volume  of  the  channel  turned  on  to  his  land  once 
in  the  total  period  of  rotation  for  a  certain  number  of 
hours,  as  from  two  to  forty  or  fifty  according  to  the 
amount  of  land  he  owns. 

For  example.   Let  ten  days  be  the  period  of  rotation, 

and  let  him  require  twelve  hours'  supply  once  in  that 

period.     His  name  is  placed  on  the  list,  say  sixth,  and 

he  gets  his  supply  turned  on  at  a  fixed  hour  and  turned 

off  at  a  fixed  hour  also.     If  the  channel  gives  twenty 

cubic  feet  per  second,  his  amount  of  water  is  equivalent 

20  X  12 
to  a  continuous  discharge  of — ^rrrr-  =  1   cubic   foot  per 

240 

second.      In  this  way  intermittent  supplies  admit  of 

mutual  comparison. 

Last  with  regard  to  the  cultivators  themselves  :— 

Whether  on  the  Continent,  or  in  England,  the  farmer  is 

generally  a  grumbler  under  any  state   of  affairs.     In 

India  the  cultivator  invariably  complains,  although  hi6 

assessment  is  very  small  by  comparison  with  the  local 

circumstances  ;  if  he  grow  two  very   moderately  good 

crops  in  the  year,  it  would  only  amount  to  about  two 

and  a  half  per  cent,  per  annum  on  the  value  of  the 

produce,  and  he  can  therefore  well  afford  to  pay  high 

water-rates,   especially  since   both   the  yield   and   the 

number  of  crops  produced  on  irrigated  land  is  doubled, 

and  the  highest  water-rate  is  small  in  comparison  with 

the  expense  of  making  wells  and   raising  the  same 
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amount  of  water  by  animal  power  throughout  the  year  ; 
he  enjoys  also  the  advantage  of  living  under  a  tenure 
that  remits  the  land  assessment,  and  distributes  food 
gratis  in  years  of  famine,  while  not  demanding  more 
assessment  in  years  of  plenty.  If  the  water-rate  is  in 
some  just  proportion  to  the  increase  of  produce  and 
saving  of  expense  resulting  from  the  irrigation,  it 
matters  not  how  high  per  acre  the  rate  may  appear  to 
be.  If  the  irrigation  is  applied  to  suitable  land  in  such 
a  way  that  the  natural  drainage  of  the  country  is  not 
interfered  with,  there  can  be  no  detriment  to  the  health 
of  the  cultivator  ;  this  can,  however,  be  rarely  carried  to 
perfection  in  actual  fact  To  this  it  can  be  replied,  that 
the  population  will  thrive  on  the  whole  and  increase 
largely,  which  may  be  considered  as  a  set-off  on  that 
account,  and  that  landowners  who  prefer  going  away 
can  always  do  so  and  part  with  their  land  at  a  premium ; 
land  always  commanding  a  ready  sale.  A  compulsory 
water-rate  on  land  that  is  under  water  command  cannot 
be  considered  a  hardship  by  any  one  that  considers  the 
subject  in  a  fair,  unprejudiced  manner  ;  the  privilege  of 
being  able  to  obtain  water  should  be  paid  for,  and  since 
the  same  principle  has  always  been  applied  to  town 
supply  of  water,  for  which  every  inhabitant  has  to  pay 
whether  he  uses  it  or  not,  there  is  no  reason  for  leaving 
the  payments  of  water-rate  in  the  country  to  be  optional. 
Whether  both  the  landowner  and  the  occupier  should  ' 
pay  separately  for  the  advantages  they  both  receive  is  a 
point  dependent  on  the  local  tenure  of  land ;  under 
ordinary  circumstances  they  doubtless  should  do  so,  the 
occupier  being  benefited  by  increase  of  produce,  the 
landowner  by  increase  of  rent ;  but  in  any  case  the 
whole  of  the  advantages  should  be  paid  for. 
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6.  Canal  Falls. 

That  a  fall  of  water  at  the  headworks,  or  at  any 
part  of  a  canal,  should  be  allowed  to  remain  unutilised, 
appears,  in  these  days  of  expensive  fuel  and  costly 
motive  power,  to  be  a  very  painful  waste  of  a  valuable 
advantage.  One's  natural  tendency  is  to  devise  meahs 
and  ways  of  using  everything,  and  to  imagine  that  there 
could  hardly  exist  circumstances  under  which  it  would 
be  necessary  to  arrange  for  the  destruction  of  the  power 
and  velocity  generated  by  a  fall  of  water.  Grinding 
com,  pressing  sugar,  or  extracting  oil,  are  requirements 
even  in  semibarbarous  countries,  by  which  such  motive 
power  could  be  easily  utilised,  even  if  it  were  available 
for  only  four  months  in  the  year.  In  spite  of  this,  how- 
ever, it  seems  rather  frequently  to  occur,  that  in  distant 
countries  the  engineer  has  to  devise  means  for  destroying 
the  effect  of  a  fall  of  water  ;  this  occurs,  generally,  either 
at  the  headworks  of  a  canal,  where  the  water  entering 
the  canal  in  flood  seasons  has  a  great  head  of  pressure, 
or  at  certain  points  in  a  canal  where,  owing  to  the 
inclination  of  the  country  being  steeper  than  that  due 
to  a  convenient  velocity  of  canal  current,  it  has  been 
found  necessary  to  concentrate  the  superabundant  fall : 
the  Ganges  Canal  and  the  Bari  Doab  Canals  have  many 
such  examples.  In  either  case,  as  the  fall  is  independent 
of  navigation  of  any  sort,  which  has  to  be  conducted  in 
a  special  channel  of  detour,  the  problem  is  one  of 
economy.  The  natural  means  would  be  to  break  up 
the  force  of  the  water  by  both  lateral  and  vertical 
breaks  and  angular  obstacles,  and  to  oppose  the  remains 
of  the  velocity  by  a  pierced  breakwater,  beyond  which 
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the  water  would  issue  with  so  small  a  current  as  not 
to  be  able  to  cause  any  damage  to  the  bed  and  sides  of 
the  canal,  or  to  cause  any  prejudicial  effect  to  naviga- 
tion. 

The  breakwater,  involving  an  enlargement  of  the 
width  of  the  channel,  and,  if  a  rock  foundation  be  not 
available,  requiring  artificial  and  carefully  made  founda- 
tions carried  to  some  depth,  is  necessarily  expensive, 
and  is  hence  generally  dispensed  with,  except  under 
favourable  circumstances. 

The  fall  itself  is  generally  a  modification  of  one  of 
the  four  following  types  : — 

1.  A  uniform,  or  a  broken  general  incline. 

2.  A  vertical  fall  with  gratings. 

3.  A  vertical  fall  with  a  water-cushion. 

4.  An  incline  or  fall  with  a  talus  of  boulders,  &c. 

The  most  primitive  mode  of  managing  such  falls  of 
water  was  to  conduct  it  down  an  incline,  made  as  gradual 
as  possible,  and  break  up  the  velocity  by  a  series  of 
steps.  A  long  reach  of  rocky  bed  offers  a  convenient 
opportunity  for  such  a  construction,  which  could  be 
hewn  in  the  solid  rock.  In  other  cases,  where  it  would 
require  building  on  artificial  foundations,  the  expense 
would  be  very  great ;  and,  even  if  the  incline  were  so 
made  that  the  resulting  velocity  were  not  high,  the 
edges  of  the  treads  of  the  steps,  even  in  good  stonework, 
would  soon  wear,  and  the  maintenance  of  the  fall  would 
also  become  an  important  item  of  expense.  Apart  from 
these  objections  also,  this  type  is  unsatisfactory.  Al- 
though the  treads  of  the  steps  may  be  set  with  a  correct 
reverse  inclination,  so  as  to  oppose  more  directly  the 
inclined  direction  of  motion  of  the  momentum  of  the 
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water ;  and,  although  a  further  improvement  may  be 
made  in  giving  a  more  considerable  reverse  inclination 
to  the  treads,  and  by  allowing  a  large  proportion  of  the 
water  to  run  off  laterally  and  wind  down  the  steps  ;  yet 
under  all  circumstances  the  inherent  defects  remain  ;  the 
steps  cannot  accommodate  themselves  to  the  variation 
of  the  quantity  of  water  passing  down  the  fall ;  if  the 
steps  are  small,  they  fail  to  receive  effectively  the  over- 
falling  water  when  the  amount  increases,  and  become 
then  comparatively  valueless  ;  if  the  steps  are  very  large, 
the  rise  and  tread  of  each  step  causes  the  velocity 
acquired  from  each  step  (which,  it  must  be  remembered, 
increases  in  the  ratio  of  the  square  of  the  height  of  the 
step)  to  be  very  much  increased,  and  to  become  very 
destructive  to  the  stonework. 

The  next  improvement  on  the  inclined  type  of  fall 
is  the  ogival  fall  used  on  the  canals  of  Northern  India ; 
in  this  the  general  slope  of  descent  from  the  head  to 
the  foot  of  the  double  curve  is  from  one  to  six  to  one 
in  nine;  the  upper  one-third  of  the  slope  being  the 
chord  of  the  upper  or  convex  curve,  which  is  tangential 
to  the  surface  of  the  water  in  the  upper  reach  ;  and  the 
lower  two-thirds  of  the  slope  being  the  chord  of  the 
concave  curve,  which  is  tangential  to  the  convex  curve 
above,  and  tangential  to  the  horizontal  line  at  its  lower 
extremity.  The  height  and  length  of  the  fall  applicable 
to  any  special  case  is  determined  by  equating^  the  dis- 
charge of  the  open  channel  above  with  the  discharge 
over  a  weir.  The  principle  which  this  form  of  construc- 
tion asserts  is  that  the  water  at  the  foot  of  the  descent, 
being  deprived  of  all  vertical  action  and  delivered  hori- 
zontally, will  not  cause  any  damage  to  the  bed  of  the 
channel  in  the  lower  reach. 
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In  canals  where  it  is  required  that  the  discharge 
should  remain  perfectly  uniform  and  unaffected  by  its 
fall  down  the  weir  or  incline,  an  ogival  fall  must  neces- 
sarily have  its  sill  raised  above  the  level  of  the  channel- 
bed  of  the  upper  reach  ;  as  would  also  a  fall  of  uniform 
slope. 

Curves  on  more  carefully  eliminated  principles  have 
also  been  tried  with  the  object  of  effecting  some  im- 
provement, but  the  advantages  resulting  appear  com- 
paratively small.  These  curves  generally  effect,  no 
doubt,  some  saving  of  masonry  in  comparison  with  that 
for  a  single  uniform  slope,  and  probably  deliver  the 
water  with  less  destructive  result  than  the  latter  ;  they 
are,  however,  still  expensive,  and  the  action  of  the  water 
delivered  is  rather  concentrated,  and  hence  destructive. 
An  attempt  at  economy  on  such  falls  has  been  made  by 
narrowing  the  fall,  and  thus  diminishing  the  amount  of 
masonry ;  but  the  results,  caused  by  the  increase  of 
action  as  well  as  irregularity  of  effect  of  the  water, 
require  greater  expenditure  in  repair  ;  they  present  also 
the  additional  disadvantage  that  during  repair  the  whole 
fall  instead  of  a  part  has  to  be  stopped. 

In  the  above  cases  of  inclined  falls  it  is  supposed 
that  it  has  been  found  convenient  to  concentrate  the 
fall  in  a  comparatively  short  length  ;  in  other  cases, 
where  it  is  spread  over  a  long  reach,  it  is  usual  to 
attempt  to  annihilate  the  velocity  resulting  at  the  foot 
of  the  incline  by  introducing  a  reach  of  canal  having  a 
reverse  slope  ;  and  in  cases  where  a  greater  length  still 
can  be  allowed  for  the  incline,  to  break  it  up  into 
portions  of  descent,  each  followed  by  a  portion  with  a 
reverse  slope  and  then  a  short  horizontal  length,  thus 
opposing  the  accelerating  effect  in  detail  without  allow- 
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ing  its  results  to  accunmlate.  In  such  work  the  bed  of 
the  channel  must  necessarily  be  paved  ;  if  the  velocity 
do  not  exceed  lo  feet  or  12  feet  per  second,  large  rough 
convex  boulders,  laid  dry,  form  the  most  suitable  paving ; 
and  even  up  to  15  feet  per  second  the  same  method 
may  be  adopted  if  very  large  boulders  alone  are  used  ; 
beyond  that  velocity  the  boulder  work  requires  packing 
with  shingle  and  pebbles,  and  grouting  with  good  hy- 
draulic mortar. 

While  the  above  arrangements  may  destroy  a  great 
deal  of  the  velocity,  there  is  perhaps  almost  always  a 
certain  amount  of  it  still  remaining  at  the  foot  of  the 
incline,  and  should  the  channel  at  this  place  happen  to 
be  in  soft  soil,  further  arrangements,  tail-walls,  brush- 
wood spurs,  or  piles,  are  also  necessary. 

The  Bari  Doab  Canal  tail-walls  offer  an  example 
illustrating  such  a  case,  the  arrangement  being  generally 
as  follows :  At  the  foot  of  the  incline  the  bed  of  the 
channel  is  made  horizontal  for  some  distance,  and  the 
banks  are  then  splayed  outwards  in  a  curved  form  until 
the  top  width  of  the  channel  at  water  level  is  one-half 
wider  than  before :  this,  giving  additional  water-way, 
reduces  the  velocity ;  the  channel  is  then  narrowed  to 
nearly  its  normal  width  by  walls  of  dry  boulders  on 
each  side,  which  project  into  the  stream  at  an  inclination 
of  I  to  5,  and  slope  longitudinally  with  a  fall  of  i  in  20 
from  their  commencement,  where  their  height  is  up  to 
full  supply-level,  down  to  the  level  of  the  bed  :  these 
are,  of  course,  totally  submerged  at  full  supply,  and 
produce  the  effect  of  concentrating  and  directing  the 
current  to  the  middle  of  the  channel.  The  objections 
raised  to  these  tail-walls  as  employed  on  the  Bari  Doab 
Canal  is  that  they  do  not  appear  to  answer  their  pur- 
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poses  sufficiently  completely,  and  it  is  supposed  that  by 
giving  the  whole  arrangement,  both  the  enlargement 
and  the  reduction  of  section,  a  greater  length,  it  would 
fully  answer  all  purposes ;  this,  however,  would  add 
greatly  to  the  expense. 

Vertical  falls  with  gratings, — This  is  one  of  the  most 
economic  and  convenient  modes  of  dealing  with  a 
canal-fall.  The  sill  of  the  fall  is  not  raised  above  the 
bed  of  the  upper  channel  and  the  whole  section  of 
passage  is  hence  unimpeded  by  reduction  ;  the  grating, 
which  may  be  placed  at  any  slope  from  i  in  3  to  i  in 
10,  presents  a  large  perforated  surface  to  the  action  of 
the  water,  thus  keeping  the  upper  water  up  to  its  proper 
level,  and  distributing  the  effect  of  the  falling  water 
passing  through  it  on  a  long  portion  of  the  bed, 
diminishes  the  action  to  such  an  extent  as  to  render 
it  harmless.  The  gratings  are  supported  on  cross 
bearers,  which  again  rest  on  masonry  piers  or  iron 
stanchions,  erected  at  about  10  feet  intervals  along  the 
edge  of  the  fall  or  weir.  The  higher  a  fall  of  this 
description  is,  the  more  truly  the  water  falls  and  the 
more  manageable  it  is.  These  gratings  require  clearing 
occasionally,  and  hence  necessitate  the  attendance  of  a 
man  ;  but  as  frequently  there  is  a  lockman  to  attend  to 
the  neighbouring  lock,  for  the  navigation  passage  near 
the  fall,  there  is  no  additional  expense  incurred  on  this 
account,  as  one  man  can  attend  to  both.  This  type  of 
fall  admits  of  comparatively  little  variation  in  design. 

Vertical  falls  witli  water-cushions, — This  is  the  form 
generally  adopted  by  nature  in  discharging  water  down 
a  fall ;  the  action  of  the  water  scours  for  itself  a  basin, 
which  fills  and  forms  a  natural  water-cushion,  the  scour 
continuing  until  an  equilibrium  is  established  between 
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the  force  of  the  descending  water  and  the  resistance 
6ffered  by  the  depth  of  water  in  the  basin.  The  fall 
itself  has  a  tendency  to  approximate  to  the  vertical, 
the  force  of  wind  and  spray  from  the  falling  water 
making  it  slightly  overhanging,  and  in  some  cases  even 
causing  a  retrogression  of  fall,  and  coincidently  also  a 
retrogression  of  water-cushion,  thus  giving  it  an  elon- 
gated form  ;  the  scoured  silt,  or  debris,,  is  deposited  in 
the  bed  of  the  stream  lower  down. 

The  most  natural  mode  of  designing  a  vertical  £dl 
with  water-cushion  for  a  canal  would  perhaps  depend 
on  a  consideration  of  what  sort  of  fall  nature  would 
make  for  herself  under  the  special  circumstances  and 
conditions  of  the  case,  and  what  improvements  or 
modifications  of  that  would  be  necessary.  The  objec- 
tions to  allowing  nature  to  make  her  own  fall  and 
water-cushion  are  these : — first,  it  requires  time,  and 
this,  in  some,  though  not  in  all  cases,  is  an  objection  in 
itself ;  second,  any  want  of  homogeneity  of  the  soil  or 
rock  would  result  in  an  irregular  form  of  basin,  which 
might  become  almost  unmanageable  ;  third,  the  scour 
and  silt  deposited  in  the  channel  below  would  be  a 
serious  injury  to  it ;  fourthly,  the  retrogression  of  the 
fall  might  eventually  undermine  the  weir  or  dam,  and 
cause  its  entire  destruction.  But  this  latter  objection 
might  be  very  easily  counteracted  by  protective 
measures. 

In  cases,  then,  where  these  four  objections  can  be 
removed  or  are  unimportant  in  result,  there  is  no  reason 
why  a  natural  or  a  slightly  modified  natural  fall  should 
not  be  adopted.  When  the  soil  is  firm  or  of  homo- 
geneous rock,  a  great  deal  of  the  objection  disappears, 
a  certain  amount  of  excavation  and  trimming  can  then 
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be  SO  made  as  to  aid  in  the  natural  action,  and  lateral 
encroachment  may  be  easily  provided  against ;  a  tolerably 
regular  basin  can  then  be  economically  made. 

As  to  the  form  of  basin  best  suited  for  a  water- 
cushion,  the  breadth  in  plan  should  be  rather  wider  than 
the  extreme  breadth  of  the  falling  water,  as  the  wind 
may  bear  the  latter  considerably  to  one  side  ;  the  length, 
again,  will  probably  vary  from  i^  to  $  times  the  breadth, 
although  it  would  hardly  be  advisable  to  make  it  quite 
rectangular  in  form,  as  the  corners  would  be  filled  with 
useless  water  ;  the  pear  shape,  therefore,  is  perhaps  the 
best,  and  is  certainly  that  most  generally  met  with 
under  natural  conditions  of  homogeneity  of  soil.  There 
would  probably  be  no  advantage,  even  if  it  were 
economic,  to  make  the  basin  longer ;  the  full  or 
extren^c  depth  may  be  terminated  by  a  reverse  slope 
at  once,  the  deflected  velocity  thus  obtained  producing 
a  greater  degree  of  stillness  than  the  passive  effect  of  a 
longer  continued  full  depth. 

The  main  point,  however,  is  to  determine  what  depth 
of  water  is  necessary  in  a  water-cushion.  The  velocity 
of  delivery  is  evidently  dependent  on  the  depth  on  the 
weir  sill  or  fall  above,  and  the  height  of  fall  down  to 
the  surface  water  in  the  basin :  the  resistance  is  the 
depth  of  water  in  the  basin,  and  the  quality  of  the 
material  of  which  its  bottom  is  composed.  If,  then, 
the  depth  be  calculated  by  equating  the  forces  for  a 
depth  producing  equilibrium  just  clear  of  the  bottom, 
we  obtain  an  expression,  involving  also  an  assumption 
that  the  bottom  is  perfectly  indestructible.  It  seems 
therefore,  impossible  at  present  to  determine  absolutely 
the  actual  depth  necessary  ;  and  hence  the  practice  is  to 
assume  an  approximate  calculated  depth,  and  see  how 
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alternative  method  is  to  allow  the  velocity  to  destroy 
itself  by  impinging  on  a  large  number  of  huge  boulders 
and  masses  of  stone  of  considerable  weight  This  mode 
was  that  adopted  by  Messrs.  Fowler  and  Baker  in  the 
improvement  of  the  Nile  Barrage  ;  a  most  unfortunate 
dam  constructed  by  the  French  at  an  immense  expense^ 
which  failed  to  effect  its  purpose,  otherwise  than  to 
serve  as  a  bridge,  until  it  was  entirely  remodelled  by 
English  engineers. 


7.  The  Usual  Thickness  of  Water-pipes. 

The  thickness  of  a  water-pipe  is  a  matter  depending 
on  practical  considerations,  being  comparatively  little 
affected  by  the  theoretical  determination  of  what  it 
should  be  in  order  to  resist  the  pressure  brought  on  it ; 
and  is,  like  a  very  large  number  of  the  so-called  calcula- 
tions of  the  engineer,  made  almost  entirely  dependent 
on  prescribed  custom.  The  following  notes  on  the 
formulae  in  vogue  are,  hence,  not  given  so  much  with 
the  object  of  elucidating  the  principles  as  that  the 
formulae  themselves,  valueless  as  they  seem,  should  be 
available  for  reference. 

The  largest  scale  on  which  a  water-pipe  to  resist 
extreme  internal  pressure  is  made  is  that  of  the  cylinders 
of  hydraulic  presses :  in  these  the  extreme  working 
pressure  is  limited  to  4  tons  per  square  inch,  the  extreme 
permanent  strain  allowed  in  actual  working  being  only 
one  half  of  that ;  and  the  thickness  of  the  cylinder  or 
pipe  is  determined  by  the  formula  of  Barlow — 
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where  i  and  r  are  the  thickness  and  internal  radius  of 
the  cylinder  or  pipe, 

G  is  the  cohesive  strength  of  the  material,  and 
P  is  the  internal  pressure,  both  being  in  tons : 

the  general  principle  asserted  in  this  npiode  of  calculation 
being  that  the  strain  on  the  material  is  greatest  at  the 
internal  surface,  and  less  beyond,  the  extension  varying 
with  the  square  of  the  distance  from  the  centre. 
,  An  example  of  the  application  of  this  formula,  to  a 
10-inch  cast-iron  water-pipe,  is  given  in  Box's  *  Hydrau- 
lics,' the  results  of  which  are  as  follows : — 

Assuming  the  cohesive  strength  of  cast  iron  to  be  7 
tons  per  square  inch  breaking  weight ;  the  extension  E, 
on  the  inside  ring  at  the  moment  of  rupture,  for  a 
length  =  I, 

^=•000  165  Tr+-000010  3  TPxZ=001  659  7  ; 

and  the  extension  at  any  distance  from  the  centre  is  in 
the  ratio  of  the  square  of  that  distance  to  that  of  the 
inside  ring. 

The  strain,  at  any  distance  from  the  centre,  is  then 
obtained  from  the  extension  by  the  formula — 

F=  a/T   ^^,f    '    ^+64-16) -8-01 
VOOO  010  3 X Z  J 

and  the  mean  strain  on  each  theoretical  concentric  ring 
of  metal  is  the  average  between  that  at  its  external  and 
its  internal  circumference;  the  bursting  pressure  has 
then  the  same  ratio  to  the  mean  strain  as  the  thickness 
of  the  pipe  has  to  its  radius  ;  and  tabulating  these  for 
a  lo-inch  cast-iron  pipe,  they  are : — 

T2 
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Meul 

Strain  on  the  Metal 

Ireanm 

BCax. 

Min. 

Mean 

r 

7'0 

5*26 

6-130 

1-226 

2 

7-0 

4-09 

5-402 

2*161 

3 

7-0 

3 '26 

4-827 

2-896 

4 

7-0 

2-65 

4  359 

3-485 

6 

7-0 

2'20 

3972 

3972 

6 

7-0 

1-85 

3647 

4*337 

7 

7-0 

I '60 

3373 

4*722 

8 

7'0 

I '37 

3137 

5-019 

9 

7-0 

1*19 

2-931 

5275 

10 

7-0 

I -05 

2-749 

5  499 

The  practical  empirical  rule,  however,  that  is  usually 
given  for  the  thickness  of  water-pipes  is — 

where  B.  is  the  head  of  pressure,  and  d  is  the  diameter 
of  the  pipe,  and  it  is  according  to  this  that  most  tables 
are  calculated. 

The  theoretical  mode  of  arriving  at  the  thickness  of 
a  water-pipe  is,  therefore,  about  the  most  unsatisfactory 
of  processes  ;  and  it  would  probably  be  useless  to  enlarge 
on  the  topic.  In  English  practice,  the  dimensions  of  cast- 
iron  water-pipes  are  about  those  given  by  this  formula, 
or  have  a  thickness  of  one-fifth  the  square  root  of  the 
diameter,  and  a  little  more  to  allow  for  defects  in  casting, 
and  inexactitude  of  bore. 

The  dimensions  of  the  pipes  used  at  Glasgow  by 
Mr.  Bateman  (see  Appendix)  have  been  treated  as 
English  standards  for  some  time.  In  Continental  prac- 
tice thinner  large  pipes  are  used ;  those  designed  under 
restrictions  by  the  author  for  Rio  de  Janeiro,  when  Hy- 
draulic Engineer  in  charge  of  the  waterworks,  were  partly 
in  accordance  with  such  practice.     See  Appendix. 
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While  in  the  case  of  cast-iron  pipes  of  all  sorts, 
there  has  always  been  a  tendency  to  theorise,  and  to 
base  a  thickness  on  the  laws  of  pressure,  and  extension 
of  material ;  in  stoneware  pipes,  this  has  been  almost 
entirely  disregarded,  and  a  thickness  is  generally  given 
them  that  is  established  entirely  on  practice  or  usual 
custom,  and  often  varies  according  to  the  caprice  of  the 
potter  or  manufacturer.  This  is  generally  accounted 
for  by  saying  that  earthenware  or  stoneware  is  a  very 
variable  material  as  regards  strength,  while  cast  iron  is 
homogeneous,  and  is  very  much  alike  in  substance :  a 
little  reflection,  however,  will  show  that  this  is  hardly  a 
sufficient  reason.  Carefully-made  stoneware,  after  a 
very  careful  selection,  may  be,  and  often  is,  exceedingly 
equable,  while  the  variety  of  qualities  of  cast  iron — 
more  especially  since  its  high  price  has  brought  such  a 
large  amount  of  very  inferior  material  into  use — is  now 
very  marked  ;  some  cast  iron  being  known  occasionally 
to  fall  to  pieces  from  its  own  weight.  In  spite  of  this, 
the  manufacturers  of  stoneware  pipes  still  consider  them 
as  unsuited  to  the  discharge  of  water  under  pressure,  or 
for  drainage  in  cases  where  the  outlet  is  liable  to  be 
stopped  ;  and  although  they  can  make  pipes  that  will 
easily  bear  a  head  of  40  feet,  yet  do  not  recommend 
them,  alleging  that  the  joints  cannot  be  made  to  stand 
any  pressure  at  all.  There  is,  however,  no  reason  to 
doubt  that  under  skilled  superintendence  and  manage- 
ment, stoneware  and  fire-clay  pipes,  as  well  as  their 
joints,  may  be  well  enough  made  to  serve  most  efficiently 
for  the  distribution  and  drainage  of  water  under  low 
heads,  and  that  a  considerable  saving  of  expense  may 
be  effected  by  dispensing  with  iron  in  such  cases. 
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8.  Field  Drainage. 

The  drainage  of  the  surface  water  of  a  field,  formii^ 
part  of  the  general  drainage  of  the  valley  or  catchment 
in  which  it  is  situated,  is  necessarily  partly  dependent 
on  the  conditions  of  that  general  drainage,  the  dimen- 
sions and  fall  of  the  watercourses,  ditches,  channels,  and 
rivers,  their  straightness,  and  distribution  of  declivity, 
also  on  the  position  of  the  field  with  reference  to  higher 
land  in  the  same  catchment,  the  drainage  from  which 
may  pass  over  or  through  it  in  various  ways. 

In  the  second  place,  the  drainage  of  a  single  field  is 
dependent  on  the  geological  formation  at  the  place,  the 
distribution  and  superposition  of  pervious  and  imper- 
vious strata,  their  undulations,  configuration,  and  re- 
tentive qualities. 

Any  interference  with  the  general  drainage  of  the 
country  by  proposed  works  of  improvement  is  a  matter 
requiring  the  professional  aid  of  the  hydraulic  engineer, 
while  in  the  same  way  any  intended  alteration  of  the 
subterranean  flow  and  conditions  of  moisture  by  such 
operations  of  marsh,  bog,  or  spring  drainage  as  tapping 
strata,  boring,  intercepting  deep  drains,  small  tunnels, 
&c.,  require  that  the  hydraulic  engineer  should  be  also 
a  hydro-geologist. 

The  drainage  of  any  single  field  may  be  so  entirely 
altered  or  modified  by  works  or  operations  of  these 
kinds,  that  any  special  drainage  or  series  of  drains  on 
the  field  itself  may  be  entirely  unnecessary,  as  its  soil 
may  be  thus  rendered  thoroughly  fit  for  all  the  purposes 
of  the  agriculturist 

Treating  for  the  present  all  engineering  works  and 
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hydro-geological  operations  as  external  matters,  which 
might  be  either  impracticable,  not  beneficial,  or  exces- 
sively costly,  and  supposing  that  the  actual  state  of  the 
general  drainage  and  hydro-geological  condition  is 
moderately  good,  and  incapable  of  much  improvement, 
it  may  yet  happen  that  a  particular  field  may  suffer 
from  insufficient  drainage,  or  may  be  improved  by  local 
drainage,  or  simple  field-drainage. 

The  condition  of  good  cultivable  soil — As  the  object 
of  such  drainage  is  to  put  the  cultivable  soil  in  the  best 
possible  condition,  the  first  consideration  is  the  quality 
of  the  soil.  Should  the  soil  be  exceedingly  porous  and 
light,  it  may  be  deficient  in  retentive  power  and  require 
consolidation,  top-dressings  of  clay  or  marl  and  careful 
management ;  under  such  circumstances  drainage  would 
be  hurtful,  and  deqp-ploughing  should  be  avoided,  unless 
with  the  special  object  of  subsoiling,  or  improving  the 
soil  by  admixture  with  the  subsoil  turned  up.  Such 
soil  benefits  by  irrigation,  and  the  accompanying  infil- 
tration of  clayey  particles,  and  liquid  manure  in  the 
soil.  If  on  the  contrary  the  soil  should  be  exceedingly 
retentive  and  clayey,  water  or  rain  lodges  in  the  soil, 
chills  and  binds  it,  rendering  it  unfertile  and  hard  to 
cultivate.  Such  a  soil  would  benefit  greatly  from  field- 
drains  and  deep-ploughing,  admixture  of  porous  soil  or 
burnt  clay. 

These  are  the  two  extremes  of  condition  of  cultivable 
soil,  the  one  profiting  least  from  drainage  and  most 
from  irrigation,  the  other  most  from  drainage.  Apart 
from  the  composition  of  the  soil  itself,  the  climatic 
conditions,  and  the  amount  of  rainfall,  snow,  dew,  and 
atmospheric  moisture  affect  the  greater  or  less  demand 
for  drainage. 
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In  a  hot  dry  country,  a  retentive  soQ  is  favourable 
to  the  growth  of  rice  and  many  wet  crops  diat  loxnriale 
in  a  semi-marshy  state,  and  require  very  slow  draina^ ; 
in  a  moist  chilly  climate  the  same  soQ  would  require 
the  most  thorough  drainage  in  order  to  grow  cereals^ 
roots,  or  pulses.  Between  the  extremes  both  of  quality 
of  soil  and  of  local  moisture  there  is  an  infinite  variety 
in  d^^ree,  and  the  agriculturist  has  therefore  to  state 
his  requirements  as  regards  drainage  in  accordance  with 
the  conditions  and  the  crops  he  wishes  to  grow.  Absb* 
lute  stagnation  is  invariably  fatal  to  crops.  Even  with 
rice  crops  in  India,  rot  will  result ;  a  certain  degree  of 
circulation  is  necessary  everywhere.  In  England  there 
is  a  large  amount  of  land  that  is,  either  naturally  or 
through  repeated  deep-ploughing,  suffidendy  open  to 
admit  of  full  permeation  of  rain-water  to  a  great  depth, 
and  thus  capable  of  growing  the  ordinary  crops  of  the 
country  without  special  drainage ;  the  greater  part  of 
the  land,  however,  is  less  favourable,  allowing  water  to 
lodge  in  it  within  a  few  feet  of  the  surface,  and  thus 
necessitating  field-drains. 

The  condition  of  soil  aimed  at  is  an  imitation  of  that 
which  is  naturally  most  fertile ;  the  retention  of  a 
moderate  amount  of  moisture,  a  free  permeation  of 
irrigation-water  or  of  rain-water  downwards  to  a 
sufficient  depth  in  wet  weather,  and  a  corresponding 
free  capillary  upward  movement  of  moisture  in  dry 
weather  or  in  the  periods  when  irrigation  is  suspended  ; 
the  dispersion  throughout  the  soil  of  air,  moisture, 
volatile  gas,  and  the  soluble  ingredients  of  accompan3ring 
fertilising  manure,  whether  natural,  chemical  or  arti- 
ficial. 

Depth  of  active  soil  and  of  humus. — Such  being  the 
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general  condition  requisite,  the  first  and  most  natural 
question  arises,  how  deep  should  such  a  soil  be,  and  to 
what  depth  is  drainage  advantageous  ? 

The  depth  of  active  aerated  humus  that  will  support 
crops  advantageously  is  a  most  variable  unit;  it  is 
generally  believed  that  the  greater  the  depth,  the  more 
fertile  the  land,  that  crops  augment  in  yield  by  every 
additional  inch  and  foot  of  humus.  It  may  be  so  ;  but, 
taking  an  extreme  case  coming  under  my  personal 
observation  in  a  province  entrusted  to  my  charge,  a 
depth  of  from  eighty  to  ninety  feet  of  soil  on  the  banks 
of  the  Puma  in  Berar  did  not  yield  markedly  better 
crops  than  in  other  places  where  the  depth  was  half  of 
that  Also  in  other  cases,  frequently  noticed  by  myself 
in  the  earlier  days  of  my  experience  in  irrigation  as 
exceptional,  but  afterwards  considered  very  common- 
place— where  cereals  were  grown  under  irrigation  on 
pure  sand,  and  on  very  nearly  pure  sand.  A  large  extent 
of  such  land  is  irrigated,  and  at  the  end  of  the  year,  a  thin 
surface  crust  of  half-formed  humus  is  formed  ;  the  crop 
of  that  year  is  zero  in  one  respect,  usually  consisting  of 
grass  seeds,  &c,  that  on  growing  form  a  spongy  layer  of 
roots  and  verdure,  useful  in  arresting  ancj  binding  the 
humus.  But  in  the  second  year,  under  the  powerful  sun 
of  India,  and  by  the  aid  of  careful  irrigation  and  good 
management,  a  very  inferior  first  crop  of  cereals  may  be 
grown.  In  the  third  year  a  moderately  bad  crop  is  the 
result,  and  afterwards  excellent  crops  of  wheat  and  of 
other  kinds  of  produce,  that  can  exist  without  throwing 
very  deep  roots. 

In  such  cases,  the  depth  of  humus  and  spongy  crust 
together  can  hardly  exceed  three  inches  or  perhaps  four ; 
yet  splendid  crops  are  grown. 
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At  Danzig  on  the  sewage  farm,  e^^cellent  crops  of 
v^etables  were  grown  under  rather  similar  conditions ; 
it  b  not  necessary  to  mention  many  such  well-known 
cases  on  English  sewage  farms,  Aldershot,  Edinbui^h, 
&c  It  may  hence  be  considered  that  world-wide 
experience  has  disproved  the  old  theory  about  depth  of 
humus  being  the  main  source  of  fertility.  It  is  really, 
therefore,  only  one  of  the  sources,  and  its  importance 
is  frequently  outweighed  by  other  conditions,  more 
especially  by  the  depth  of  active  soil 

In  England  moderate  crops  may  be  grown  in  six 
inches  of  soil  on  stiff  land,  but  for  really  good  crops,  a 
depth  of  three  times  that,  or  eighteen  inches,  of  active 
aerated  soil  may  be  considered  a  suitable  minin^um. 
The  maximum  may  be  determined  by  the  extreme 
depth  to  which  roots  of  grass  and  grain  crops  are  found 
to  penetrate,  about  seven  feet  in  thoroughly-drained 
active  soil. 

Depth  of  field-drains, — Taking  the  two  extremes  of 
eighteen  inches,  and  seven  feet,  as  suitable  to  firm  soil 
in  England  generally ;  the  minimum  depth  for  field- 
drains,  out  of  reach  of  the  plough  and  not  affecting  the 
crop,  by  reducing  the  productive  area,  should  be  2^  feet, 
and  in  strong  clay  lands  four  feet.  It  may  be  noticed 
that  water  does  not  permeate  truly  horizontally,  in  a 
lateral  direction  from  the  bottom  of  the  active  soil  to  a 
field-drain ;  but  in  perfect  drainage  should  descend 
slightly  in  its  lateral  movement  to  the  bottom  of  the 
field-drain ;  hence  the  necessity  for  placing  the  drains 
lower  than  the  bottom  of  the  active  soil.  Local 
conditions,  depth  of  soil  and  subsoil,  and  economic 
considerations  form  the  guide  to  determining  the 
greatest    depth  at  which   field-drains   might  be  put ; 
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apart  from  them  it  would  be  difficult  to  say  what  would 
be  the  extreme  depth  that  could  not  be  advantageously 
exceeded  under  special  circumstances. 

Very  strong  clay-lands»  with  drains  cut  in  the  subsoil 
would  certainly  be  worse  for  having  them  very  deep  ; 
but,  keeping  in  view  future  improvement  of  the  suD-soil 
by  disintegration — as  well  as  economy  of  labour,  it 
appears  seldom  necessary  to  drain  beyond  five  or  six 
feet  in  depth  unless  in  boggy  retentive  land,  and  even 
then  a  few  extra  deep  drains  may  be  cut  without  inter- 
fering with  the  ordinary  field-drains.  The  limits  thus 
lie  between  2^  and  six  feet  Such  general  limits  can, 
however,  constitute  merely  a  rough  guide  in  connection 
with  the  special  objects  to  be  achieved,  and  the  local 
circumstances.  Drainage  pure  and  simple  has  for  its 
main  object  the  removal  of  sub-surface  water  down  to 
some  or  any  practicable  depth ;  but  another  object  is 
often  blended  with  it,  the  further  improvement  of  the 
subsoil,  and  the  increase  of  depth  of  active  soil,  in  the 
clayey  and  stiff  lands  to  which  drainage  is  most  fre- 
quently applied.  Some  stiff  subsoils  are  so  impervious 
and  hard  as  not  to  admit  of  improvement  by  drainage  ; 
in  such  cases  the  field  drains  are  perhaps  best  placed 
with  their  bottom  just  on  the  subsoil.  Much  good  clay 
subsoil  will,  however,  under  drainage,  alternately  wash 
and  contract,  and  gradually  break  up  ;  a  most  desirable 
change  that  may  be  much  aided  by  extra  deep 
trenching  with  steam-power;  in  such  cases  the  field- 
drain-soles  may  be  sunk  to  a  foot  and  a  half  in  the 
subsoil,  or  even  more  when  accompanied  with  subsoiling 
operations. 

Distances  between  field-drains, — The  closeness  of  the 
field-drains  to  each  other  must  be  determined  so  as  to 
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afTord  sufficient  active  permeation  of  moisture  through- 
out the  whole  of  the  intervening  breadth  of  land  ;  this 
will  depend  on  the  qualities  of  the  soil  and  subsoil 
down  to  the  level  of  the  sole  of  the  field-drain,  the 
drains  being  closer  in  stiff  soil  and  under  conditions  of 
heavy  local  rainfall  and  further  apart  in  more  open  soil, 
and  a  drier  climate.  In  England  the  distances  between 
the  parallel  lines  of  field  drains  usually  adopted  vary 
from  fifteen  to  forty  feet ;  in  any  special  case  the  dis- 
tance should  be  based  either  on  the  evidence  afforded 
by  actual  drainage  in  the  neighbourhood  under  similar 
conditions,  or  on  partial  experiment  on  the  spot  The 
size  or  dimensions  of  the  field-drains  may  be  determined 
in  the  same  way,  but  this  is  naturally  dependent  to  a 
certain  extent  on  the  sort  of  field-drain  adopted. 

Tlie  alignment  and  length  of  field-drains, — A  field 
may  consist  of  several  planes,  or  several  fields  may  lie 
in  one  general  plane  or  nearly  uniform  slope;  but 
under  all  circumstances  the  field-drains,  being  set  to 
some  certain  depth  either  below  the  surface,  or  below 
subsoil  surface,  lie  in  a  plane  or  planes  nearly  parallel 
to  those  of  the  fields.  Each  plane  has  therefore  to  be 
treated  separately  as  regards  the  alignment  of  the  field- 
drains.  The  main  drains,  into  which  the  field-drains 
run,  are  necessary  at  the  bottoms  or  lower  edges  of 
these  planes,  and  afterwards  unite  and  run  into 
some  watercourse  or  general  drainage-line  of  the 
country,  at  a  point  sufficiently  low  to  secure  sufficient 
outfall. 

There  are  three  modes  of  aligning  field-drains,  which 
under  all  circumstances  are  arranged  in  parallel  lines  in 
each  separate  plane,  and  besides  at  uniform  or  approxi- 
mately uniform  inclinations.    The  regularity  of  the  fall 
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may  in  rather  steep  ground  be  attained  by  setting  out 
the  soles  of  the  field-drains  with  the  aid  of  boning 
staves,  the  A  level,  or  some  rough  spirit-level ;  but  on 
slight  inclines  a  small  Gravatt  level  is  absolutely  neces- 
sary. The  first  and  most  common  mode  of  alignment 
IS  to  direct  them  on  the  lines  of  greatest  slope  from  the 
top  of  a  plane  to  the  bottom  ;  such  lines  may  be  long 
even  as  much  as  300  yards,  while  the  distances  apart 
may  be  from  fifteen  to  forty  feet  as  before  mentioned 
in  accordance  with  the  soil  and  conditions  :  the  drainage- 
action  is  then  entirely  lateral  and  works  by  permeation 
into  the  field-drains,  which  transport  the  filtered  water 
into  the  main  drains.  The  second  mode  is  termed  cross- 
drainage,  the  parallel  field-drains  running  across  the  lines 
of  greatest  slope,  that  is  being  nearly  horizontal,  having 
a  slight  fall  towards  the  main  drains  :  in  this  case  the 
permeation  is  aided  by  gravity,  and  may  be  more  rapid  ; 
the  field-drains  intercept  the  filtered  water,  and  conduct 
it  to  the  main  drains  at  a  comparatively  slow  velocity. 
The  third  mode,  generally  preferable  to  either,  is  the 
slightly  oblique  method  ;  the  field-drains  are  only  slightly 
inclined  to  the  direction  of  greatest  slope,  that  is  from 
ten  to  twenty  degrees,  and  are  supplemented  at  long 
intervals,  of  about  one  hundred  feet,  by  cross-drains  that 
are  nearly  level.  In  this  case  both  the  preceding  modes 
of  drainage-action  are  employed  ;  gravity  assists  both  in 
the  lateral  and  in  the  transverse  permeation,  and  inter- 
ception is  adopted  to  a  small  extent. 

In  comparing  these  three  methods,  it  may  be  noticed 
that  the  first  is  that  most  usually  adopted  in  England, 
and  is  generally  far  preferable  to  the  second.  The 
permeation  is,  no  doubt,  the  least  rapid  part  of  drainage 
action  ;  the  filtered  water  on  arriving  at  the  field-drain, 
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when  in  good  order,  rapidly  runs  into  them  through  tiie 
joints,  and  still  more  rapidly  is  conveyed  away.  Keepii^ 
this  in  view,  any  check  in  the  permeation  due  to  any 
accidental  circumstance  or  shortcoming  will  evidently 
produce  a  check  in  the  drainage  of  a  whole  plot  For 
instance,  the  distance  between  the  drains  maybe  slightly 
too  great,  the  depth  may  be  slightly  in  excess,  the  soil 
may  in  certain  places  be  less  permeable  than  in  others, 
a  drain  may  become  rather  clogged.  Now  when  the 
first  method  is  adopted,  the  plots  are  very  long  narrow 
strips,  half  of  the  water  from  each  strip  going  laterally 
into  each  iield-drain,  one  on  either  side  of  it ;  and  should 
the  permeation  be  accidentally  retarded,  a  middle  por- 
tion, perhaps  the  middle  third,  of  the  strip  remains  in  an 
inactive  condition.  The  length  of  the  strip  may  be  so 
long  (200  or  300  yards)  that  permeation,  aided  by 
gravity  in  the  direction  of  the  main  drain,  is  almost  out 
of  the  question  ;  and  here  lies  the  defect  in  the  first 
method. 

The  second  method  has  no  drains  along  the  direction 
of  g^atest  slope,  but  places  the  whole  of  the  field-drains 
as  intercepters,  but  putting  them  at  the  same  distance 
apart  as  in  the  first  method.  It  is  true  that  with  this 
method  gravity  aids  the  permeation,  but  as  the  permea- 
tion in  each  strip  has  to  act  over  the  whole  of  the 
breadth  of  each  plot,  instead  of  over  half  of  it  each  way, 
nothing  is  gained  ;  in  fact  it  is  rather  the  reverse.  The 
action  of  gravity  is  an  aid,  but  not  a  very  large  one,  as 
from  many  observations  we  may  see  permeation  acting 
successfully  against  gravity,  as  in  the  lines  of  damp  on 
sides  of  ditches,  the  rise  of  damp  in  walls  based  on 
damp  foundations,  &c 

In  order  to  make  this  method  as  efficacious  gene- 
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rally  as  the  former,  the  distance  between  the  field-drains 
should  be  reduced  by  about  one-third,  and  this  means 
having  half  as  many  drains  again,  and  adding  one  half 
more  to  the  cost  of  the  drainage. 

Experience  has  proved  not  only  the  truth  of  this 
deduction,  but  also  that,  even  when  the  field-drains  are 
placed  still  closer,  the  drainage  effected  has  not  always 
been  thorough,  and  re-drainage  on  the  first  or  longitu- 
dinal method  had  to  be  substituted  in  the  end  after  the 
dearly-bought  experience. 

Cross-drainage  on  this  generally  unfortunate  method 
is,  however,  specially  applicable  and  advantageous  when 
the  upper  strata  contain  much  water  and  either  crop  out 
across  the  line  of  greatest  slope,  or  discharge  their  water 
in  natural  furrows  existing  on  the  surface  of  the  sub- 
soil ;  in  that  case  the  cross-field-drains  act  as  intercepters 
to  the  fullest  extent,  and  collect  water  readily  as  it  comes 
forth,  although  not  perhaps  setting  up  a  draining  per- 
meation in  the  strict  sense,  as  their  influence  on  per- 
meation in  the  subsoil  cannot  be  very  large. 

The  slightly-oblique  method  preserves  the  advan- 
tages of  the  longitudinal  method  as  regards  lateral 
permeation,  and  remedies  its  defect  in  longitudinal 
permeation  by  the  obliquity,  which  also  aids  in  intercep- 
tion ;  the  occasional  cross-drains  at  about  100  feet  apart 
still  further  aid  the  longitudinal  permeation,  and  assist  in 
rendering  the  whole  action  complete  and  effective  even 
under  the  incidental  shortcomings  that  may  occur  any- 
where and  in  anything. 

The  various  sorts  of  field-drains, — The  object,  the 
disposition,  and  the  depth  of  field-drains  has  been  dealt 
with  in  the  preceding  paragraphs,  independently  of 
their  actual  form,  sort,  or  construction,  under  the  ptemise 
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that  they  are  sufficiently  large,  porous,  and  well-con- 
structed to  carry  off  any  effluent  drainage,  or  filtered 
water,  that  may  arrive  and  enter  into  them.  The  sort 
of  drain  adopted  is  necessarily  in  accordance  with  local 
circumstances  and  economy. 

The  oldest  method  was  one  of  simple  ridge  and 
furrows,  for  <:arrying  off  surface-water,  subsequently 
deepened  to  carry  it  off  from  a  lower  depth,  and  filled 
with  porous  soil  or  porous  material  Such  shallow 
drains  interfered  with  ploughing,  and  reduced  the  effec- 
tive cultivable  area.  Deeper  sub-surface  drains,  covered 
with  good  soil,  and  leaving  a  flat  surface  equally  pro- 
ductive everywhere,  have  long  supplanted  the  old 
method.  More  latterly,  porous  cylindrical  drain-pipes 
from  2  to  6  inches  in  diameter,  with  coUars,  have  been 
usually  adopted,  in  preference  to  other  means ;  and  these, 
placed  at  the  required  depth,  and  covered  to  a  sufficient 
height  with  porous  soil,  and  finally  with  a  good  top  soil, 
have  been  considered  the  most  effective  ordinary  method. 
This  may  therefore  be  considered  the  typical  English 
method  for  many  years  past,  though  not  the  most 
modem  one.  It  is  well  suited  to  clayey  lands  in  Eng- 
land, and  to  the  condition  that  the  pipes  can  be  cheaply 
made  or  bought,  and  the  clay  dug  out  of  the  drains  can 
be  profitably  burnt  to  form  manure,  or  made  useful 
locally. 

Previous  to  the  general  adoption  of  cylindrical  porous 
pipes,  large  drain-tiles,  horse-shoe  shaped  in  section,  4 
inches  high  by  3  wide,  with  flanges,  sometimes  resting  on 
separate  tile-soles  about  5  inches  wide,  and  sometimes 
merely  on  the  clayey  bottom  of  the  trench,  were  com- 
monly used ;  this  arrangement  developed  into  the  fiat- 
bottomed  cylinders  made  in  one  piece,  that  are  still  used. 
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In  some  places,  tiles  of  dried  compressed  peat  may  be 
made  effective  in  iield-drains,  but  the  peat  must  be  tough 
and  fibrous  to  resist  the  action  of  water.  In  others, 
thorns  and  brushwood  form  a  field-drain  of  an  economical 
sort  in  fen-lands,  where  the  material  is  cheap,  and  the 
flow  of  water  is  slow. 

Stone  drains,  of  rough  stone,  so  arranged  as  to  give 
large  interstices  below,  and  filled  up  above  or  covered 
with  smaller  stones  above,  are  also  economical  in  some 
localities  ;  but  the  method  is  inferior,  and  the  damage  to 
land  by  carting  stone  over  it  forms  a  strong  objection. 
For  slow  drainage,  cinders,  gravel,  or  other  porous 
materials  are  far  preferable,  from  being  more  effective 
for  a  longer  time  and  from  being  lighter  to  transport 

Many  of  these  modes,  though  lacking  permanence,  are 
effective  for  a  considerable  time,  and,  being  inexpensive, 
admit  of  renewal  after  a  few  years  without  prejudice  to 
economy.  One  of  the  most  important  considerations  is 
the  extent  to  which  they  become  deleterious  or  hurtful 
after  becoming  ineffective  in  lapse  of  time.  Such  inert 
matter  as  broken  tiles,  stones,  &c.,  cannot  be  of  any  ad- 
vantage in  cultivable  soil  ;  originally  they  are  perhaps 
placed  in  the  clayey  or  stiff  subsoil ;  but  if  effective 
drainage  and  deep  ploughing  and  subsoiling  be  adopted, 
the  subsoil  becomes  disintegrated,  and  the  active  soil 
may  then  reach  down  to  near  the  level  of  the  field  drain  ; 
the  stones  and  inert  matter  are  then  out  of  place. 

Stiff  soils  being  those  to  which  drainage  and  subsoil 
improvement  is  most  applicable,  the  most  modem  mode 
of  effecting  drainage,  by  the  deep  drain-plough,  is  also 
best  suited  to  them.  The  drain-plough  cuts  a  mere  gash 
in  the  surface  of  ground,  but  forms  a  cylindrical  burrow 
or  drain  in  the  clay  four  feet  below  the  surface.     In  less 
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Stiff  soil,  drain-pipes  can  be  laid  in  the  passage  to  keep 
it  permanently  open  ;  the  whole  being  effected  by 
machinery  in  lengths  of  about  lOO  feet  at  a  time. 

The  drain  made,  being  parallel  to  the  ground-surface, 
will  not  be  on  a  regular  incline  in  undulating  ground; 
the  process  is  hence  more  adapted  to  level  and  evenly- 
inclined  land.  The  advantages  of  this  method  are  very 
great ;  drainage  becomes  a  more  ordinary  agricultural 
operation,  the  surface  of  the  ground  is  not  seriously  in- 
terfered with,  the  process  is  inexpensive,  and  may  be 
renewed  every  five  or  six  years,  and  finally  in  stiff  soil 
no  inert  matter,  stones,  or  old  pipes,  are  necessary,  and 
hence  are  not  allowed  to  accumulate. 

The  ntain^drains. — The  system  of  field-drains,  how- 
ever constructed,  constitutes  the  principal  and  effective 
portion  of  the  drains  ;  they  draw  off  sub-surface  water, 
increase  the  depth  of  active  aerated  soil,  put  it  into  a 
condition  for  assimilating  manure,  and  for  supplying 
sustenance  to  the  crops  through  their  roots,  at  any 
moderate  depth ;  thus  causing  warmth  in  the  soil  and 
an  intermittent  hygrometric  action  beneficial  both  to 
the  crop,  shown  by  augmented  produce,  and  to  the 
husbandmen  by  diminution  of  heavy  labour.  The  main- 
drains  are  mere  collecting  drains  supplied  from  lower 
extremities  of  the  field-drains  and  conveying  the  drained 
water  into  the  arterial  watercourses  of  the  country. 

There  is  generally  but  little  choice  as  regards  the 
alignment  and  length  of  the  main-drains  ;  they  run  along 
the  lowest  lines  in  any  field,  or  along  water-course  lines 
at  the  bottoms  of  the  various  planes  making  up  the 
field,  and  through  any  hollows  that  may  exist  They 
are  made  as  straight  as  the  lowest  edges  of  the  fields 
and  of  the  planes,  or  as  the  directions  of  the  watercourse 
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lines  will  conveniently  admit  When  several  fields  to 
be  drained  happen  to  be  in  one  plane,  and  intervening 
hedges  can  be  removed,  one  main-drain  may  be  made  to 
serve  for  all,  though  enlarged  to  do  so  efficiently.  The 
removal  of  needless  fences  is  very  advantageous,  not 
only  for  convenience  in  draining,  but  also  from  saving 
useful  land  ;  irregular  fences  and  crooked  boundaries 
may  be  straightened  with  similar  good  effect  Main- 
drains  are  generally  covered  so  as  to  protect  the  ends  of 
the  field-drains  from  injury  ;  their  fall  or  inclinations 
need  not  necessarily  be  very  regular,  although  these  as 
well  as  the  sections  should  be  sufficient  to  convey  away 
rapidly  all  water  that  may  arrive  under  extreme  condi- 
tions, as  after  heavy  rainfall,  when  the  watercourses  of 
the  country  are  in  flood. 

Utilisation  of  the  effluent, — The  various  modes  of* 
utilising  the  water  are  necessarily  dependent  on  its  amount, 
the  available  fall,  and  the  local  circumstances  ;  it  may  be 
dammed,  stored,  and  used  either  as  a  cattle  pond,  for 
irrigation,  or  as  the  motive  power  for  preparing  food  for 
cattle,  thrashing  com,  or  other  operations  connected 
with  husbandry. 

When  sufficient  ready  outfall  is  not  available,  as  in 
low  fen-lands,  or  on  the  banks  of  watercourses  and 
streams  of  small  fall,  a  long  channel  may  have  to  be 
made  to  conduct  the  effluent  parallel  to  the  watercourse 
until  a  sufficient  fall  is  obtained  ;  and  its  discharge  may 
also  require  tide-valves,  to  protect  it  from  return-water 
during  floods. 

Time  and  e^ense, — The  most  favourable  time  for 

field-drainage  is  when  the  land  is  unoccupied  and  during 

dry  weather  ;  in  England  during  autumn  and  winter, 

after  the  cutting  of  a  white  crop,  or  a  clover  crop,  or 

u  a 
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when  the  land  is  in  pasture  or  in  stubble,  and  imme- 
diately before  a  summer  fallow  or  a  green  crop.  The 
work  has  necessarily  to  be  suspended  during  severe 
frost ;  but  any  intervals  of  slightly  wet  weather  are 
advantageous  opportunities  for  drain-ploughing  or  drain- 
cutting  in  stiff  clay.  The  expenses  of  ordinary  field- 
drainage  in  England  vary  from  about  i/  to  20/.  per  acre 
or  even  more,  30/.  to  40/I  The  justifiable  cost  wUl  in 
any  case  be  considered  in  its  ratio  to  the  eventual  value 
of  the  yield  per  acre,  or  enhanced  yield  after  thorough 
drainage  is  completed.  The  expenses  will  necessarily 
have  to  be  borne  by  an  additional  rent-charge  on  the 
land  for  several  years  until  the  improvement  effected  is 
comparatively  exhausted.  In  some  cases  the  expenses 
are  repaid  in  yield  in  two  or  three  years,  as  the  increase 
of  weight  of  wheat  grown  per  acre  may  amount  to  from 
half  as  much  again  up  to  nearly  double,  and  the  same 
for  potato  crops.  Perfect  draining,  accompanied  by 
good  management  and  followed  by  good  culture,  is, 
however,  generally  necessary  for  such  achievements. 

Wet  lands  in  England,  that  really  require  drainage, 
and  will  not  repay  the  cost  of  thorough  drainage,  may 
generally  be  considered  hardly  worth  the  expenses  of 
mere  cultivation. 

The  drainage  of  irrigated  fields  is  a  matter  most  fre- 
quently distinct  from  ordinary  field-drainage,  and  hence 
usually  treated  in  connection  with  irrigation.  The 
drainage  of  marshes  and  bogs  and  the  diversion  and 
control  of  springs  is  also  a  separate  branch  of  draining 
requiring  hydro-geological  knowledge  and  special  treat- 
ment, before  ordinary  field-drainage  can  be  conveniently 
applied  to  the  land  afterwards  available  for  cultivation. 
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9.  The  Ruin  and  Deterioration  of  Canals 

OF  Irrigation. 

In  canals  purely  intended  for  navigation,  the  velocity 
of  the  water  has  to  be  kept  below  a  fixed  maximum  ; 
below  that  it  may  be  anything  down  to  still- water  without 
causing  serious  harm  ;  but  in  irrigation  canals,  which  are 
continually  receiving  fresh  supplies  of  water,  and  distribu- 
ting it  over  the  land  through  minor  channels,  the  velo- 
city of  the  water  must  be  regulated  with  extreme  nicety 
and  care,  in  order  to  avoid  many  evils  ;  the  two  extremes 
of  which  result  either  in  making  the  cnaal  utterly  un- 
remunerative  from  not  carrying  sufficient  water  for 
purposes  of  irrigation,  or  in  the  eventual  ruin  and 
destruction,  from  deterioration,  of  the  canal  itself.  Such 
canals  cannot  be  maintained  like  roads,  by  merely  re- 
pairing and  trimming  worn  places  ;  they  also  require 
that  their  suitable  velocities  should  be  perpetually 
watched  and  regulated,  even  in  the  case  that  the  in- 
tended velocities  were  originally  correctly  determined, 
and  the  designs  and  works  made  in  accordance  with 
them. 

One  of  the  most  important  causes  of  ruin  to  works  of 
irrigation  is  that  the  velocities  were  never  originally  well 
determined,  but  were  faulty  and  unsuitable,  if  not 
throughout  the  whole  of  the  works,  then  at  least  in  por- 
tions of  them,  the  result  of  which  eventually  affects  the 
whole.  This  is  the  case  with  a  great  many  Indian 
canals,  and  is  likely  to  be  so  on  many  others,  as  the 
matter  of  hydraulic  velocities  is  one  on  which  knowledge 
has  been  very  deficient 

The  next  cause  in  point  of  importance  is  faulty 


294  MISCELLANEOUS  PARAGRAPHS.  chap.  IIL 

engineering  design  and  defective  construction  of  the 
works  themselves,  but  this  admits  of  remedy,  without 
going  in  most  cases  to  such  an  enormous  expense  as 
the  former  class  of  error  entails.  Even  under  this  head, 
the  apportionment  of  the  velocities  at  intakes,  outlets, 
bridges,  and  such  works,  is  of  extreme  importance. 

Thirdly,  even  if  we  assume  the  comparatively  un- 
usual case  of  the  original  intended  velocities  and  the 
works  themselves  having  been  correctly  designed  in  the 
abstract,  and  of  the  works  having  been  constructed  to 
perfection,  the  canal  itself  may  yet  follow  the  steady 
course  to  ruin.  For  whenever  rain  falls  on  the  canal,  or 
freshets  or  floods  occur  in  any  of  the  streams,  rivers,  or 
sources  of  supply,  which  then  increase  the  supply  of  the 
canal,  the  depth  of  water  in  the  canal  is  increased  at 
certain  places  ;  and  besides,  the  hydraulic  gradient  is 
increased,  thus  causing  a  very  large  increase  of  velocity 
taken  in  proportion  to  the  adjustable  correct  limits. 
Under  the  same  circumstances,  too,  a  certain  amount  of 
silt  is  washed  into  the  canal  from  its  banks,  and  silt-bear- 
ing water  may  also,  from  want  of  early  precautions,  enter 
from  the  streams  of  supply.  A  high  wind  may  also 
increase  these  evils ;  while,  again,  the  velocity  of  the 
canal  water  may  again  be  increased  by  the  augmented 
velocity  of  the  water  entering  the  canal. 

The  practical  adjustment  of  the  velocity,  or  its  r^^la- 
tion,  becomes,  under  such  circumstances,  a  matter  of 
extreme  care  and  refinement,  even  with  the  aid  of  all  the 
hydraulic  science  the  world  now  affords,  and  the  assist- 
ance  of  good  instruments  and  appliances  for  determining 
velocities  ;  while  without  both  of  these  aids  it  is  nearly 
impossible  in  most  instances. 

Setting  aside  the  extreme  cases  in  which  the  excess 
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of  water  admitted  may  be  so  large  that  it  becomes 
necessary  to  let  it  out  over  the  country  by  breaking 
down  a  bank,  and  assuming  the  very  moderate  one  of 
the  velocity  being  increased  by  only  one-fifth,  this  alone 
is  amply  sufficient  to  cause  scour  and  erosion  of  bed  and 
banks  to  a  very  appreciable  extent ;  and  if  this  recurs 
at  rainy  seasons  for  years,  it  becomes  positive  ruin,  not 
merely  on  account  of  the  erosion  itself,  but  because  also 
the  scoured  matter  is  transported  by  the  water  in  the 
form  of  silt  and  deposited  at  other  parts  of  the  canal. 
The  whole  regimen  of  the  entire  canal  thus  gets  out  of 
order,  the  velocities  are  redistributed  unsuitably  or  in 
ill  proportion  ;  such  errors  augment  very  rapidly,  and 
a  partly  worn  and  partly  silted-up  canal  is  the  result. 
This  is  ruin,  which  cannot  be  set  right  except  by  extra- 
ordinary repairs  costing  half  as  much  as  the  original 
cost  of  the  canal ;  and  this  is  the  principal  cause  of 
ruin  on  works  of  the  very  best  design. 

Other  causes  of  deterioration  are  the  admission  of 
silt-bearing  water  at  intakes,  neglect  of  petty  repairs, 
and  non-removal  of  such  an  average  amount  of  sedi- 
ment as  may  be  deposited  in  the  canal  and  channels 
from  causes  apart  from  the  preceding.  It  may  also  be 
mentioned  that  neglect  of  repair  in  one  year  is  not 
compensated  for  by  double  the  amount  in  the  next, 
under  similar  circumstances ;  but  that  all  such  results 
are  cumulative,  from  increase  of  interference  with  the 
strict  regimen  of  the  canal,  and  its  suitably  apportipned 
velocities  in  various  parts  of  its  course. 

The  consideration  of  these  causes,  and  more 
especially  of  the  principal  ones,  leads  to  the  inevitable 
conclusion  that  a  careful  adjustment,  measurement,  and 
regulation  of  the  velocities  of  the  water  in  canals  and 
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works  of  irrigation  is  the  basis  of  almost  all  measures 
for  preventing  or  deferring  eventual  ruin. 

That  considerable  refinement  is  necessary  is  evident 
from  the  fact  that  the  maximum  velocities  permissible 
in  canals  are  : — 

2*5  feet  per  second  for  very  sandy  soil 

275  „          „               sandy  soil. 

3*  »          »i               loam. 

4*  „          „               gravel  and  very  firm  soil 

While  with  low  velocities  of  1*5  and  175  feet  per  second, 
any  suspended  silt  may  be  deposited,  and  vegetation 
springs  up— the  other  source  of  extreme  damage.  The 
interval  between  the  extremes  is  comparatively  small 
and  very  easily  overstepped. 

Our  present  knowledge  of  velocities,  their  calculation, 
determination,  and  measurement  is  extremely  coarse  at 
present  (not  long  ago  it  was  altogether  erroneous),  hence 
the  necessity  for  more  knowledge  and  greater  refine- 
ment which  should  be  based  on  extremely  careful  ex- 
periments, carried  out  under  the  most  advantageous 
circumstances,  with  all  the  aid  that  improved  instru- 
ments and  appliances  of  every  sort  can  give  and  civilised 
assistance  can  furnish.  The  results  of  greater  refine- 
ment in  dealing  with  velocities  may  therefore,  if  correctly 
made  use  of  and  applied,  prevent  the  lamentable  ruin  to 
canals  which  is  illustrated  by  so  many  nearly  oblite- 
rated ancient  works  in  several  formerly  well-irrigated 
countries. 

The  causes  of  deterioration,  and  the  remedy  for 
them,  having  been  previously  explained,  the  next  point 
to  be  considered  is  whether  it  is  worth  while  to  go 
to  the  expense  involved   in   applying  a  more  refined 
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knowledge  of  hydraulic  velocities,  and  in  the  methods 
of  dealing  with  them.  The  amount  actually  invested 
in  India  in  canals  and  works  of  irrigation,  including 
distribution  done  at  all  times,  is  certainly  not  less 
than  twenty  millions  of  capital,  clear  of  all  working  ex- 
penses. (For  figures  in  detail,  see  *  Hydraulic  Statistics,' 
Allen,  1875.) 

Now  in  dealing  with  statistics  of  this  description,  for 
purposes  of  argument,  it  is  absolutely  necessary  that  no 
exceptional  case,  rates,  or  figures  should  be  used  ;  this 
rule  will  therefore  be  rigidly  adhered  to,  and  instead  of 
dealing  with  any  special  case  of  canal,  a  theoretical 
canal  under  conditions  that  average  well  among  actual 
statistics  will  be  dealt  with.  Let  us  suppose  a  com- 
pletely developed  irrigation  canal  to  have  cost  one 
million  pounds,  the  irrigated  area  to  be  half  a  million 
acres  annually,  and  the  net  annual  profit  10  per  cent, 
on  the  capital.  (The  Eastern  Jumna  Canal  yields  22, 
the  Western  Jumna  Canal  31,  and  the  Kalerun  24  per 
cent.,  and  these  are  the  three  completely  developed 
canals  of  India,  while  it  is  evident  that  half-developed 
canals  do  not  afford  a  fair  basis  of  calculation,  any  more 
than  partly  opened  lines  of  railway.)  Now  although 
the  duration  of  a  canal,  or  its  lifetime,  cannot  be  actually 
rigidly  estimated,  it  is  perfectly  fair  to  assume  that  a 
canal  relieved  from  the  wear  and  tear  of  excessive  ve- 
locities and  from  large  deposits  of  silt,  retrogression  of 
levels,  and  so  forth,  which  are  all  solely  due  to  the 
causes  previously  explained,  will  last  for  a  duration 
exceeding  by  a  quarter  the  period  that  a  less  carefully 
managed  canal  will  last ;  in  other  words,  let  us  assume 
that  if  such  a  canal  in  one  case  will  last  fifty  years,  in 
the  other  it  will  only  last  forty  years  with  the  same 
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prosperity,  full  average  irrigated  and  full  returns  ;  while 
after  that  period  they  may  steadily  dwindle  down  from 
prosperity  to  ruin  in  a  similar  ratio.  Taking  the  canul 
thus  only  at  its  climax,  the  total  profits  in  either  case 
will  be  in  proportion  to  the  number  of  years  of  duration ; 
for  the  actual  time  when  the  10  per  cent  annual  profit 
dwindles  down  to  below  zero,  or  the  canal  is  worked  at 
what  is  called  a  loss,  is  a  different  corresponding  period 
in  each  case.  Thus  the  compared  profits  on  a  capital 
of  one  million  pounds  will  be  about  as  follows : — 


I.  In  casi  of  more  gradual  deUrioratum, 

10  per  cent  for  50  years^s 
8       ..  10 


6  „ 

4  II 

2  „ 

I  n 


10 
10 
10 
10 


» 
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Total  profits  during  a  century 


.  5  000000 
800000 
600000 
400000 
200000 
100  000 

.  7  100  000 


2.  In  ease  of  more  rapid  ruin. 


10  per  cent  for  40  years  . 


8 
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2 
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8 
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8 

8 

8 

Loss  during  12  years  to  be  deducted 
at  I  per  cent        .... 

Total  profits  during  a  century  . 


£ 

4000000 
640000 
480  000 
320000 
160000 
80  000 
nil 

120000 
5  560  000 


The  difference  of  total  profits,  apart  from  either  simple 
or  compound  interest  on  them,  is  about  one  million  and 
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a  half  pounds  sterling,  or  half  as  much  again  as  the 
original  capital  expended  on  one  canal.  Taking  twenty 
such  completed  canals  to  represent  the  capital  invested 
in  India  of  twenty  millions  sterling,  the  loss  due  to  the 
more  rapid  deterioration  becomes  thirty  millions  sterling, 
or  half  as  much  again  as  the  capital  invested,  if  ex- 
tended over  a  full  century  in  each  case.  Over  half  a 
century  the  loss  is  simply  equal  to  the  value  of  the 
capital  invested,  and  this  seems  a  probable  and  fair 
estimate  of  the  anticipated  loss  in  that  period,  or 
damage  done. 

To  this  estimated  loss,  or  to  something  very  near  to 
it,  there  is  only  one  alternative,  and  that  is,  the  expen* 
diture  of  the  same  amount  in  extraordinary  repairs  ; 
which  might  be  set  down  in  the  returns  either  as  added 
to  the  capital  account,  or  as  included  in  the  ordinary 
repairs.  But,  however  accounts  may  be  managed,  the 
amount  estimated  must  either  be  lost,  or  spent  in  making 
head  against  the  destruction  occurring  more  rapidly  in 
one  case  than  in  the  other. 

It  is  useless  to  ignore  that  there  is  a  lifetime  to 
everything;  the  principles  of  dilapidation  cannot  be 
controverted.  It  may,  however,  be  asserted  that  under 
any  circumstances  instructions  may  be  given  that  the 
canals  shall  be  kept  in  perfect  repair,  that  every  care 
shall  be  taken,  and  so  forth.  This  is  the  very  point ; 
the  care  cannot  be  taken  to  prevent  such  damage  unless 
a  higher  knowledge  of  velocities  enables  a  more  refined 
care  and  a  real  prevention  to  be  exercised.  No  doubt 
the  damage,  instead  of  being  allowed  to  accumulate 
over  so  many  years  into  absolute  ruin,  may  be  stopped 
by  incurring  more  expense  annually ;  but  this  is  merely 
spreading  the  bill  for  damage  over  a  number  of  years, 
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the  expense  is  not  prevented  in  that  case,  but  merely 
divided  ;  and  if  this  form  of  account  be  preferred, 
instead  of  deah'ng  with  a  total  loss  of  twenty  millions  in 
fifty  years,  it  becomes  a  waste,  loss,  or  combination  of 
both,  of  400,000/.  yearly  over  the  whole  of  the  irrigation 
canals  and  works  of  distribution  of  India,  which  is 
simply  due  to  the  coarseness  of  our  knowledge  about 
velocities.  Comparing  this  annual  waste,  or  even  merely 
a  quarter,  or  a  tenth  of  it,  with  the  relatively  small  cost 
of  a  thoroughly  well-conducted  series  of  hydraulic 
experiments,  we  may  easily  see  whether  the  latter  are 
worth  while  from  a  financial  point  of  view,  as  a  just  and 
remunerative  investment  or  expenditure  on  public 
works. 

The  principle  involved  cannot  be  avoided  by  drawing 
any  analogy  between  canals  and  railways.  All  improved 
modes  and  principles,  and  increased  knowledge,  experi* 
ments,  and  so  forth,  on  railways,  may  have  cost  India 
nothing.  As  railways  in  their  perfection  were  first 
required  in  England  where  they  are  still  being  improved 
at  the  expense  of  skill,  money,  and  thought,  all  such 
ideas  may  be  borrowed  gratuitously.  But  there  are  no 
large  irrigation  canals  in  England,  and  India  must 
necessarily  work  out  its  own  improvements  in  that 
branch  at  its  own  expense,  and  effect  permanent  econo- 
mies for  itself,  if  at  all ;  although  it  may,  and  perhaps 
should,  bring  to  bear  on  them  the  highest  English  skill 
available  in  every  respect,  and  make  use  of  it  both  at 
home  and  in  India. 

In  following  up,  or  copying  in  practice,  any  clearly 
defined  thoroughly-worked-out  principles,  as  those  of 
roads,  railways,  and  navigable  canals,  a  routine  system 
of  the  marionette  type  may  be  sufficient  for  the  purpose : 
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but  when  practical  improvement  has  to  be  gained  by 
experience,  experiment,  and  skill,  such  a  system  is  in- 
applicable without  further  aid. 

The  method  hitherto  adopted  of  following  up  and 
using  the  hydraulic  experience  and  formulae  devised  in 
France  and  Germany,  and  of  applying  their  errors  as 
well  as  their  principles  on  a  very  magnified  scale,  thus 
saving  expense  in  experiments,  has  had  the  most 
disastrous  efiect  on  the  irrigation  works  of  India ;  this 
point  hardly  requires  exemplification.  Latterly  the 
large-scale  experiments  of  Captain  Allan  Cunningham 
have  demonstrated  the  immense  amount  of  error  involved 
in  using  the  French  and  American  formulae  and  have 
pointed  out  the  correct  method.  This,  however,  is  not 
all  that  is  required  ;  the  correct  principles  must  be 
applied  in  practice.  Any  dispensing  with  the  application 
of  improved  knowledge  in  a  branch  of  science  that  pre- 
eminently affects  the  permanent  benefit  of  large  and 
extensive  works  of  irrigation  seems  therefore  perfectly 
indefensible  either  on  financial  or  on  any  other 
grounds. 

10.  On  Water-Meters. 

The  term  water-meter  being  frequently  used  with  little 
discrimination,  it  becomes  necessary  to  notice  briefly  the 
distinction  between  water-meters  and  modules  or  water- 
regulators.  A  module  actually  regulates  the  supply  of 
water  passing  into  a  channel  or  into  a  pipe,  or  makes  it 
practically  constant,  although  both  the  amount  of  water 
and  the  pressure  in  the  main  canal,  main  pipe,  or  reser- 
voir, supplying  the  branch  canal  or  pipe,  may  be  variable. 
A   water-meter    does    not   regulate   supply    it  simply 
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measures  or  registers  supply  under  corresponding  cir- 
cumstances. Such  is  the  broad  distinction  ;  yet  water- 
companies  frequently  use  modules  for  r^^uiating  their 
supplies,  when  in  large  quantities,  and  call  them  water- 
meters  ;  also  real  water-meters  have  sometimes  auxiliary 
regulating  appliances  attached  to  them.  In  the  former 
case  there  is  an  habitual  blunder  in  language ;  in  the 
latter  there  is  a  constructive  difficulty,  apparently 
affecting  the  term  used. 

A  module  is  undoubtedly  the  more  perfect  appliance 
as  it  both  regulates  and  enables  the  amount  of  supply 
passing  in  any  time  to  be  arrived  at  by  calculation,  that 
is  to  say,  it  also  answers  the  purpose  of  a  water-meter. 
A  registering  or  chronographic  apparatus  may  be 
attached  to  a  module,  but  it  still  remains  a  module. 
A  simple  water-meter  or  registering  machine  does  not 
regulate  supply  with  practical  exactitude  (or  if  it  does  so, 
it  then  is  really  a  module) ;  but,  if  it  has  an  auxiliary 
r^^lator,  this  merely  controls  either  pressure  or  quan- 
tity, or  both,  between  two  limits,  convenient  to  the  action 
of  the  mechanism,  and  the  machine  still  remains  a  water- 
meter  from  the  fact  of  its  not  possessing  the  complete 
qualities  of  a  module. 

The  notion  that  all  such  appliances  may  be  distin- 
guished as  regulators  or  meters,  according  as  they  are 
attached  to  reservoirs  and  canals  or  to  pipes  of  supply, 
is  erroneous. 

For  various  types  of  module,  see  the  paragraph 
devoted  to  that  subject 

As  to  water-meters,  nominally  so-called,  we  may 
expect  to  find  that  some  of  them  are  really  modules 

Trough-meters. — The  earliest  of  the  English  water- 
meters  dates   from  the   time  when   iron   pipes  came 
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into  use  in  England  for  conducting  wateri  and  was 
known    as    Crosley's   water-meter.      [It    is    said   that 
Samuel  Clegg,  a  mechanical  engineer  in  charge  of  some 
pumps  at  Liverpool,  in   1802,  was  the  inventor  of  a 
gas-meter  (See  William  Matthews's  '  Hydraulia/  of  April 
1835),  and  of  the  stand-pipe,  and  that  his  ideas  gave 
rise  to  the  water-meter,  but  there  is  much  doubt  about 
this.]     Samuel  Crosley's  first  liquid-meter  was  a  rotat- 
ing drum  inclosed  in  an  air-tight  vessel,  and  certainly 
was  the  converse  of   a  gas-meter,  as  regards  action. 
Crosley*s  second  liquid-meter  was  a  rotating  trough,  in 
pattern  very  like  the  first.      (See  p.  304,  Matthews's 
'  Hydraulia.')  This  latter  is  the  common  one,  and  is  well 
known  to  this  day  ;    it  has  been  re-invented  several 
times,  and  is  sometimes  known  as  Parkinson's,  on  account 
of  some  error  (in  the  Minutes  of  Proceedings  of  the 
Institution  of  Civil  Engineers,  January  185 1)  having  in- 
tentionally or  undesignedly  conveyed   that  this  meter 
was  his  invention.     But  in  this  case  neither  favouritism, 
wealth,  nor  combination  have  sufficed  to  obscure  the 
past     Crosley's  liquid-meter  is  a  good  one,  as  regards 
exactitude  of  measurement ;  one  of  its  defects  is  the  loss 
of  all  pressure  at  points  beyond  it,  or  after  the  water  has 
passed  through  it ;  hence,  when  applied  to  the  supply  of 
a  single  house,  it  must  be  placed  at  the  top  or  at  the 
highest  level  in  that  house  where  water  is  required.     It 
has  a  ball-valve  regulator  for  maintaining  a  constant  level 
in  the  supply-trough 

Pistan-meUrs. — Brunton's  meter  (see  copy  of  patent 
in  '  Repertory  of  Arts,*  &c.,  for  July  1829)  was  a  piston- 
meter  ;  the  water  passed  through  a  cylinder  with  packed 
piston  and  rod,  nozzle,  and  valve,  or  cock  ;  its  principle 
consisted  in  applying  the  static  fluid  pressure  on  the 
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piston  to  move  it  with  sufficient  force  to  raise  a  weight 
on  an  inclined  plane  during  the  whole  range  of  impulse ; 
the  power  generated  is,  at  the  termination  of  the  impulse, 
capable  of  moving  the  valves  or  four-way  cock,  and 
reversing  the  pressure  on  the  piston,  by  which  the  weight 
is  again  raised  ;  the  motion  is  therefore  continuous,  and 
expresses  the  quantity  of  discharge,  which  is  registered 
by  wheelwork  attached  to  the  machine.  This  meter 
has  been  re-invented,  with  more  or  less  improvement,  by 
Kennedy  (see  *  Proc.  Inst  C.  E.*  for  1856),  The  defects 
of  meters  of  this  type  are,  that  the  reversals  of  pressure 
cause  shocks  in  the  mains,  and  allow  some  water  to  pass 
unregistered  ;  also  either  the  packed  piston,  the  reversing 
cock,  or  the  balance  may  be  seriously  affected  by  friction, 
so  much  so  as  to  get  jammed. 

Frost's  meter  is  also  a  piston  meter,  hardly  preferable 
to  the  other  two  ;  its  reciprocating  mechanism  is  not 
better,  though  it  has  a  three-way  valve  moving  an  aux- 
iliary piston  and  working  another  three-way  exhaust 
valve ;  its  piston  moves  leather  buckets  within  the 
cylinder,  and  the  whole  is  liable  to  stick.  (For  drawings 
see  *  Proc  Inst  C.  E.'  for  1857.) 

Among  the  modern  piston-meters  is  Galafie's ;  it  has 
two  cylinders  and  two  slide-valves,  working  in  cross 
action,  thus  neutralising  much  defect,  or  rather  perhaps 
keeping  it  out  of  view.  It  is  much  used  in  Belgium,  and 
is  perhaps  the  best  piston-meter  now  well  known.  The 
compensation  of  defect  that  it  affords  must  not,  however, 
make  us  lose  sight  of  its  inherent  qualities.  Richards' 
water-meter  is  the  most  recent  piston-meter,  and  has 
some  advantages  in  simplicity ;  it  seems  to  be  a 
development  of  the  gas-meter  of  the  same  inventor. 
All  piston-meters  appear  to  require  supervision,  and 
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to  be  generally  unsuited    to    low  speeds    and   small 
discharges. 

Turbine-meters. — Water-meters  on  this  principle  are 
perhaps  older  than  those  of  the  preceding  two  classes, 
although  it  is  impracticable  to  assign  definite  dates  to 
their  introduction.  Their  applied  object  is  to  register 
the  velocity  of  supply  through  a  fixed  opening,  but,  as 
some  friction  must  exist,  they  actually  record  a  less 
velocity,  and,  when  very  defective  from  wear  or  rust, 
become  utterly  untrustworthy.  There  have  been  turbine- 
meters  of  several  kinds,  the  modem  form  is  the  reaction 
turbine  in  common  use ;  Siemens'  turbine-meter  is  one 
of  these.  The  peculiarity  of  this  meter  consists  in  the 
drag-boards  attached  to  the  rotating  drum,  which  ensure 
that  its  velocity  shall  not  exceed  that  of  the  water  at 
any  time,  and  thus  within  certain  limits  maintaining  a 
constant  speed  of  revolution  under  a  supply  that  does 
not  vary  in  amount ;  in  other  words,  the  effect  of  slight 
variation  in  the  velocity  of  the  water  of  supply  is  entirely 
annulled.  This  is  a  marked  advantage,  but  the  appli- 
ance suffers  from  the  before-mentioned  defects,  insepar- 
able from  its  class  of  water-meter. 

Fan-meters. — These  light  fans,  constructed  with  the 
object  that  the  effect  of  all  passing  water  shall  be  regis- 
tered, are  the  water-meters  of  the  most  modem  sort.  They 
are  much  used  in  Germany,  Russia,  Italy,  and  France,  but 
are  not  popular  in  England.  Siemens'  fan-meter  has 
drag-plates  to  moderate  velocity,  as  in  his  turbine-meter, 
and  these  constitute  its  chief  advantage. 

Tylor's  fan-meter  (described  in  a  paper  read  before 
the  Institution  of  Mechanical  Engineers)  has  the  same 
advantage  as  Siemens' :  its  wheel  is  of  indiarubber,  its 
openings  for  entrance-water  are  well  arranged,  it  is  not 
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easily  choked  by  sediment  at  the  points  of  exit,  and  is 
generally  a  much-improved  fan-meter.  A  special  im- 
provement in  it  is  an  appliance  for  regulating  the  speed 
of  the  fan  by  a  counter-current  of  water,  so  arranged 
that  it  is  adjustable  from  the  outside  of  the  case.  This 
is  of  great  convenience  in  testing,  as  any  error  in  r^^ 
tration  due  to  long  use  or  accident  can  be  remedied 
without  taking  the  meter  to  pieces.  On  the  whole,  Mr. 
Tylor's  fan-meter  is  perhaps  the  best  of  its  kind  ;  it  has 
been  thoroughly  tested  by  Mr.  Anderson,  who  has  a  high 
opinion  of  it,  and  it  is  much  used  already  in  the 
Colonies. 

The  objections  to  fan-meters,  or  their  defects,  consist 
in  allowing  unregistered  water  to  pass,  in  slowness  in 
getting  into  motion  at  starting,  and  in  spinning  on  after 
the  supply  has  been  cut  off ;  these  defects  do  not  compen- 
sate each  other,  but  they  may  be  much  reduced  by 
management  and  care. 

General  Remarks. — In  order  to  arrive  at  a  just  and 
full  comprehension  of  any  particular  meter  or  module, 
the  thing  itself  should  be  inspected  or  examined  during 
action  under  various  conditions  ;  illustrations  fail  to 
convey  the  information  that  may  be  obtained  in  this 
manner. 

It  may  be  noticed  that  house-meters  for  registering 
small  supplies  of  water  must  necessarily  be  more  delicate 
in  many  respects  than  the  large  supply-meters  of  water- 
companies  ;  they  should  demand  little  or  no  supervision, 
and  be  so  arranged  as  not  to  permit  of  being  easily 
tampered  with,  either  by  the  consumer  or  by  the  water- 
officials  or  agents.  Probably  some  type  of  module, 
ensuring  constant  head  during  action,  with  a  chrono- 
graphic  apparatus,  admitting  of  independent  check  on 
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time,  would  best  answer  such  purposes  (see  Modules, 
section  i,  Chapter  III.). 

For  exact  measurement  of  supply  through  pipes 
under  variable  pressure,  a  good  pressure-gauge  and  a 
chronographic  apparatus  are  necessary;  besides  this, 
the  outlet  must  be  free,  and  a  considerable  length  of  the 
pipe  must  be  made  of  some  exact  diameter,  less  than 
the  ordinar}'  varying  diameters  above  the  point  of  ob- 
servation :  all  the  conditions  require  much  precision  and 
competent  management 
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Table  I.— GRAVITY. 

Calculated  Values  of  the  Force  of  Gravity  in  Feet  at 
Different  Latitudes  and  Elevations,  being  a  Tabu* 
LATBD  Application  of  the  FORMULiS 

^-821695  (1-000284  cos  22)  (l--)- 
r-20S87(»40  (1-h 000164  cot  2Q. 


Va/ues  of  Ike  force  of  gravity  mfut  at  d^trtut 


Eleva. 

IN  FEBT 

Latitude 

0" 

t," 

10« 

16° 

0 

32-0781 

32 -0795 

3S-OH36 

32-0904 

100 

31-0778 

32x>7r)a 

32-0833 

32-0901 

200 

3^  ■077  5 

32-0789 

32-oSjo 

32-0S9S 

300 

32-0771 

3i-o7S6 

32-08IT 

32-0895 

too 

32-0769 

32-o;S3 

32-0824 

600 

i-0766 

32-0780 

32-0821 

EOO 

32-0763 

3I-0/77 

3i-oSiS 

33-0886 

700 

32-0760 

3-'°774 

31-0815 

32-0883 

SOO 

3a'o7S7 

32-0771 

32-0811 

32-0880 

900 

32-0754 

32-07(8 

3J-0S09 

31-0877 

tooo 

3»-"7S» 

31-0765 

32-0806 

3a-o874 

MM 

3) -0711 

32-07:15 

32-0775 

31-0843 

3000 

31-0690 

32-0704 

3S-074S 

3»-oBi3 

4000 

32-0660 

32-0674 

32-0715 

32-0783 

£000 

32-0630 

32-064* 

32-0685 

32-0753 

Elkva- 

Latitude 

40° 

45" 

«(. 

6S' 

0 

3J-15J6 

32- 1695 

32-1854 

32-1008 

100 

32 ''SM 

32-1692 

3^''!51 

3i-*oos 

200 

32*' 530 

32-1689 

32-1848 

31-SO02 

300 

32-1538 

3i-l6S6 

32-1845 

32  199« 

400 

32-1524 

32-1683 

3J-i84a 

32-1995 

SOO 

3115^1 

321680 

321839 

32-1991 

600 

3iiS'8 

32-1677 

32-.83S 

311989 

700 

3i'i5'5 

32-1674 

3"-'832 

321986 

BOO 

32-1511 

31-1671 

32-1829 

32-1983 

900 

32- 1509 

3J-166S 

31-1816 

321980 

1000 

32-.S06 

32-166S 

32-1813 

33-1977 

2000 

3»Mr3 

3=-i633 

32-«793 

32-1947 

3000 

321442 

33-1603 

32-1763 

31-1916 

4000 

32-1411 

31-1572 

32-1731 

31-188S 

5000 

32 '382 

32-1541 

33-1700 

32-1854 

latitudes  and  elevationt  above  mean  sea  leveL 


Eleva- 

Latitude 

ao» 

28° 

80° 

86" 

0 

3a -0995 

32-1108 

321238 

31-1383 

too 

31-1  IDS 

33-1235 

32-1380 

200 

321 102 

32-123* 

321377 

SCO 

32-1099 

32-1229 

32-1374 

wo 

310983 

321096 

32-1226 

321371 

600 

•31-0980 

32-1093 

32-1123 

32-1368 

GOO 

32"0977 

32-1090 

321220 

321364 

700 

320974 

3*  ■  1087 

32-1217 

32-1361 

BOO 

31-0971 

31-1084 

321214 

3*-i3S» 

900 

3*0968 

32-ioSi 

32-1211 

3*1 355 

1000 

3J-096S 

321077 

3a-iio8 

3*-i3S» 

2000 

32 -0934 

32-1047 

31-II77 

3*13" 

3000 

31-0904 

32-1017 

3*1146 

3*1291 

4000 

310874 

32-0986 

32111S 

32-1260 

GOOO 

3»-o843 

32-09SS 

321084 

32-1**9 

Eleva- 

Lati 

,.„ 

eo" 

70' 

so" 

B0° 

0 

32-1.  SI 

32 -=395 

32 -2  54 

32-1609 

100 

322149 

32-^393 

32-2  5" 

32-2606 

209 

32-2.46 

32-2389 

32-2  48 

32-2603 

300 

32-1143 

32-2386 

3* -2  45 

32-260Q 

100 

32-1140 

31-2382 

321  41 

32-2596 

&D0 

31-1136 

32-2379 

32-2538 

32-2593 

GOO 

3»'*'33 

32-2376 

32-2535 

32-2590 

700 

32-2130 

32-2373 

32-2532 

32-2587 

BOO 

32-2127 

32-2370 

32-2529 

3*35*4 

000 

32-2124 

32-2367 

32-2526 

3* -2581 

1000 

312121 

32-2364 

32-2523 

32-2578 

2000 

32-2090 

33-2332 

32-1491 

32-2546 

3000 

32-2059 

322301 

32-2460 

33*515 

4000 

32  2270 

322429 

33-2483 

6000 

32-1997 

32-2239 

3*3397 

33-245* 

Table  n.— CATCHMENT. 

Part  I.    Total  quantities  of  water  resulting  from  a  given  efTective  rainfall 

run  off  from  any  unit  of  catchment  area. 
Part  2.     Supply  in  cubic  feet  per  second  throughout  the  year,  resulting 

from  a  given  effective  rainfall  run  off  from  one  square  statute 

mile  of  catchment  area. 
Part  3.    Supply  m  cubic  feet  per  second,  resulting  from  an  effective  daily 

rainfJEdl  for  24  hours  over  catchment  areas. 
Part  4.     Equivalent  supply* 
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Part  i. — Total  quantities  of  water  resulting  from  a  given  efic' 
tive  rainfall  run  off  from  any  unit  of  catchment  area. 


Rainfall 

infect 

Cubic  feet 

per  square 

chain 

Cubic  feet 
per  century 

Cubic  rods 

per  square 

league 

1 

10  OCX) 

I  000000 

100  000 

0*9 

9000 

900000 

90000 

08 

8000 

800000 

80000 

07 

7000 

700000 

70  000 

06 

6000 

600000 

60000 

05 

5000 

500000 

50000 

04 

40QO 

400000 

40000 

03 

3000 

300000 

30000 

02 

SOQO 

80O00O 

90  000 

01 

I  000 

100  000 

10  000 

O09 

900 

90000 

9000 

O08 

800 

80000 

8000 

O07 

700 

70000 

7  000 

O06 

600 

60000 

6000 

O05 

500 

50000 

5000 

O04 

400 

40000 

4000 

O03 

300 

30000 

3000 

O02 

200 

20000 

2000 

O01 

100 

10  000 

I  000 

Rainfall 

in 
inches 

Oibicfeec 
per  acre 

Oifaicfettper 

12" 

43560 

27878400 

\r 

39900 

25  555  200 

i(r 

36300 

23233000 

r 

32670 

20906800 

r 

29040 

18505600 

r 

25410 

16262400 

6" 

21  780 

13939200 

6" 

18  150 

II  616000 

4^ 

14520 

9252800 

r 

10890 

6969600 

r 

7260 

4646400 

r 

3630 

2323100 

09 

3267 

2090880 

08 

2904 

I  850560 

07 

2541 

I  626240 

06 

2  178 

1393920 

06 

I  815 

I  161  600 

04 

1452 

925280 

03 

1089 

696960 

02 

726 

464640 

01 

363 

232320 

N,B,—\  square  statute  mile -640  acres »  27  878  400  square  feet 
1  square  league  «  4  sq.  London  miles  ■•  100  centuries  ^  10  000  sq. 

(Ramsden's). 
1  square  chain B 100  tq.  rods*  10 000  square  feet 
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Part  2. — Supply  in  cubic  feet  per  second  throughout  the  year^ 
resulting  from  a  given  effective  annual  rainfall  run  off  from 
one  square  statute  mile  of  catchment  area. 


Aanaal 

lainfall  in 

feet 

Supply  in 

cubic  feet  per 

second 

Annual 

rainfiftll  in 

feet 

Supply  in 

cubic  feet  per 

second 

Annual 

nunfall  in 

feet 

Supply  in 

cubic  feet  per 

second 

O'l 

•0883 

2-1 

I  8550 

4-1 

3621 

W 

•1766 

2-2 

1-9433 

4-2 

3-7100 

03 

2650 

2-3 

2-0317 

4-3 

37983 

0-4 

•3533 

2-4 

2-1200 

4-4 

•     3*8866 

0*5 

•4417 

25 

2*2083 

4-5 

3-9750 

0*6 

•5300 

2-6 

2-2966 

4-6 

4-0633 

07 

•6183 

2-7 

2*3850 

4-7 

4-1517 

08 

•7066 

2-8 

2-4733 

4*8 

4-2400 

09 

•7950 

2-9 

2*5617 

4*9 

43283 

1-0 

•8833 

3-0 

2-6500 

6-0 

4-4166 

I'l 

•9717 

3-1 

27383 

5-5 

48583 

1*2 

1*0600 

3-2 

2-8266 

e- 

53000 

1-3 

1-1483 

3-3 

2*9150 

6-5 

57417 

1*4 

1-2366 

3-4 

3-0033 

7- 

6-1833 

1'5 

1-3250 

35 

3-0917 

7-5 

6*6250 

I'S 

1-4133 

3-6 

3-1800 

8- 

7-0666 

17 

I -5017 

37 

3-2683 

8-5 

75083 

1'8 

15900 

3-8 

33566 

9- 

7*9500 

1*9 

1-6783 

3-9 

34450 

9-5 

83917 

i " 

1-7666 

4-0 

3*5333 

10 

88333 

Similarly  from  I  foot  of  effectin 
Is- 

e  annual  rain£i 

11,  the  supply  per  second 

Fron 

1  I  square  leagt 
I  century    . 
I  square  chaii 

le    . 

•        • 
1     . 

3-1709792  c 
0-031  7098 
0'000  3i7  I 

ubic  feet  p 
If 

»er  second 

10 


CATCHMENT. 


[TABLSn.   YABT3 


Part  3. — Supply  in  cubic  feet  per  second^  resulting  from 
effective  daily  rainfall  for  24  hours  over  caichment  areas. 


POR  CATCHMENT  AREAS  IN  SQUARE  STATUTE  MILES. 

For  an  effectiTe  daily  rainfall  in  feet  and  dfrimah  of 

0-1 

0-oe 

0-08 

0-07 

0*06 

0*05 

0*04 

0^8 

O^S 

WSl 

Cubic  feet  per  second 

1 

32-17 

29*04 

25*81 

22*59 

19*36 

16*13 

12-91 

9-68 

6-45 

3-23 

2 

6453 

58*07 

51*62 

45-16 

38*72 

32*26 

25*81 

19-36 

12*90 

6-45 

3 

96*80 

83-52 

7424 

64*96 

55-68 

48*40 

37-12 

27-84 

18-56 

9-68 

4 

129*1 

Ii6'i 

103*2 

90*30 

7640 

64-50 

51*60 

38-70 

25*80 

12*91 

5 

161 '3 

145*2 

129*0 

112*9 

96*80 

8064 

64-50 

48.40 

32-25 

16-13 

6 

193*6 

174-2 

154-8 

135-4 

116*1 

96*78 

77*40 

58*06 

38-70 

19-36 

7 

225-9 

203*2 

180*6 

158*0 

<35-5 

112*9 

*  90*30 

6773 

45-15 

22*59 

8 

258*1 

232-2 

206 '4 

180*6 

154-8 

129-0 

103*2 

77-40 

51-60 

25-81 

9 

290-4 

261*4 

2323 

203*3 

174-3 

145*2 

116*2 

87-13 

58-10 

29tH 

10 

322-7 

290*4 

258-1 

225*9 

193*6 

161*3 

129*1 

9680 

64-60 

3a-«7 

Catchment 
in  sq.  miles 

For  an  effective  daily  rainfall  in  inches  and  dedmals  of 

ro 

0*9 

0«8 

0*7 

0*6 

0*5 

0*4 

0^ 

0-2 

Oil 

Cubic  feet  per  second 

1 

26-89 

24*20 

21-51 

18*82 

16*13 

13-44 

1076 

8t>7 

5-38 

8-69 

2 

5378 

48*40 

43'«> 

37-64 

32*26 

26*89 

21*50 

16-13 

IO-75 

538 

3 

8067 

54*60 

64-53 

56*47 

48*40 

40-33 

3226 

24-20 

16-13 

%tfl 

4 

107*56 

96*75 

86-00 

75*25 

6450 

53-78 

43-00 

3225 

21-50 

10-76 

5 

134-4 

120*9 

107*5 

94*08 

80*64 

67*22 

53-75 

40*32 

2687 

1314 

6 

161*3 

145  I 

»35-o 

112-9 

9678 

80*67 

67-55 

48-39 

33-77 

16-13 

7 

188 -2 

169*3 

150*5 

i3»-7 

112*9 

94-11 

75-25 

56-45 

37-62 

18-82 

8 

215*1 

193-6 

172*1 

150-5 

129-0 

107*5 

86*05 

6450 

43^ 

21-51 

9 

242*0 

217-8 

193-6 

169-4 

145-2 

121  0 

96-80 

72-60 

48*40 

24-20 

10 

268*9 

242*0 

215-1 

188*2 

161*3 

134-4 

107*56 

80-67 

5378 

26-89 

Similarly  from  i  foot  of  day's  rainfall,  the  supply  is 

From  I  square  league      .        .     1157*40740  cubic  feet  per  second 
I  century       .        .        .  1-15741 

I  square  chain        .         .  0*01157 


If 
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Part  3  (continued). — Supply  in  cubic  feet  per  second^  resulting 
from  cm  effective  daily  rainfcUlfor  24  hours  ever  catchment  areas. 


FOR  CATCHMENT  AREAS  IN  ACRES. 


For  an  effective  daily  rainfall  in  feet  and  decimals  of 


0-1 


009 


0*08 


0*07 


0-06 


0*05 


0*04 


0*08 


0*02 


0*01 


25 

50 
75 
100 
200 
300 
400 
50J 
600 
640 


Cubic  feet  ] 

per  second 

1*26 

1*13 

i-oi 

0*88 

0*76 

063 

0*50 

0*378 

0*252 

0*126 

2*52 

2*27 

2*02 

1*77 

1*51 

1*26 

1*01 

0*756 

0*504 

0*252 

378 

340 

303 

2*65 

2*27 

1*89 

1*51 

I  134 

0756 

0*378 

5-04 

4*54 

4-03 

353 

3-03 

2*52 

2*02 

1-513 

I  008 

0*504 

lo-oS 

908 

8*07 

7*06 

6*05 

5*04 

4-03 

3*025 

2*017 

1008 

«5U 

1361 

12*10 

10*59 

9*08 

7*56 

6*05 

4538 

3025 

1-513 

20*17 

18*15 

1613 

1412 

12*10 

10*08 

8*06 

6*050 

4033 

2*017 

25-21 

22*69 

20*17 

17*65 

1513 

12*61 

10*08 

7563 

5*042 

2*521 

30*25 

27*22 

24*20 

21*17 

18*15 

1513 

12*10 

9*075 

6*050 

3-025 

32*27 

29*04 

25*81 

22*59 

19*36 

16*13 

12*91 

9*680 

6-453 

3*227 

e  ^ 

^1 

For  an  effective  daily  rainlall  in  inches  and  decimals  of 

•s  s 

5-s 

1*0 

0*9 

0*8 

0*7 

0*6 

0*6 

0*4 

0*3 

0*2 

01 

Cubic  feet  per  second 

25 

1*05 

095 

0*84 

074 

0-64 

053 

0*42 

0-315 

0'2I0 

0*105 

50 

2*10 

1*89 

1*68 

1-47 

1*28 

1*05 

0*84 

0*630 

0*420 

0*210 

75 

3-15 

2*83 

2*52 

2 '20 

1*92 

1*58 

1*26 

0*945 

0*630 

0-315 

100 

4*20 

378 

3-36 

2*94 

2*56 

210 

1*68 

1*260 

0*840 

0*420 

2U0 

8*40 

7-56 

6*72 

5*88 

5*12 

4*20 

336 

2*521 

I  681 

0*840 

300 

12*60 

"•34 

io*o8 

882 

7*68 

6*30 

5*04 

3781 

2*521 

1*260 

400 

16  81 

15*12 

13-44 

11*76    10*24 

8*40 

6*62 

5*042 

3*361 

I  681 

500 

21*01 

i  18  91 

16*81 

1471 

12  80 

10*50 

8*40 

6*302 

4'202 

2*101 

6C0 

25*21 

i  2269 

20*17 

17*65 

<5-36 

12*60 

10*08 

7*562 

5*042 

2*521 

640  1  26*89 

1  24*20 

21*51 

18*82 

16*13 

<3*44 

10*76 

8*067 

5-378 

2*689 

The  efTective  rainfall  is  the  measured  rainfall,  after  deduction  for  eva- 
poration, absorption,  and  all  losses. 


CATCHMSXT. 


[table  II.  nutt4 


Part  ^—E^uivalfnt supply. 


Pel 

„..d 

Per  DiiDute 

Pet  day 

ofiihoaa 

fubfc 

Gillani 

Cubic 

Gallau 

(wi" 

C^llODl 

D'OI 

oofi 

D6 

374 

B64 

5384 

D'02 

0 

IZ 

n 

7-47 

1728 

.0768 

0'03 

O 

19 

IB 

2592 

16  151 

0'04 

O 

2S 

?* 

'4-9S 

343G 

aiS36 

0'05 

O 

31 

3' 

18-69 

4320 

a692o 

0'06 

o 

37 

3-6 

ai43 

5184 

32304 

0'07 

□ 

44 

4-2 

36-17 

60(8 

37688 

008 

o 

S 

4-8 

29-90 

E9I2 

4307a 

0-09 

o 

56 

B'* 

33-64 

7776 

48456 

01 

0-63 

6- 

37*39 

8640 

53844 

0-1G 

I-04 

10- 

6a -33 

14400 

«974I 

033 

3-oS 

20- 

1*4-64 

28800 

17984a 

D'S 

3IJ 

30' 

186-96 

43200 

a69aa3 

D'66 

4->6 

dn- 

249-28 

47600 

358964 

0-83 

SM 

50- 

311-60 

72000 

448704 

1- 

6 '13 

60- 

373 -ga 

B6400 

538446 

H6 

7-27 

70- 

436'^4 

100800 

628187 

1-33 

8-31 

BO- 

498-56 

115200 

7179*8 

rs 

9-3S 

90 

S608S 

129600 

807669 

1-66 

10-39 

IDO 

623-ao 

144000 

897408 

1-15 

7-21 

69-4 

432-7 

100000 

623100 

1-93 

i4-« 

115-7 

86s -4 

200000 

■  246400 

3'« 

a  1-63 

208-3 

1298-. 

300000 

■  869600 

463 

28-84 

277-7 

1730-8 

400000 

3  49aSoo 

5-78 

if>-°S 

346-8 

2163-s 

BOO  000 

3116000 

&34 

43-:l6 

416-G 

2596-* 

600000 

3739200 

B'lO 

50-47 

486- 

3038-9 

700000 

4363400 

9'26 

57 -65 

&55-B 

3461-6 

800  UOO 

4985600 

10'4I 

64-89 

624-9 

3894-3 

900000 

5608800 

IIS7 

raw 

694-4 

4317-5 

1  million 

6332000 

CATCHMENT. 


Part  4  {pntinuei). — Equivalent  supply, 

id  per  da;,  into  Cubic  Feet  p 


Gallon*  per  second,  per  r 
lecond,  per 


,„..„d 

Pel  minute 

Ferdarof24houre 

GclLoni 

OltOBI 

Cubic  rHt 

CbIIom 

Cubic  fMl 

O'l 

o'0i6 

6 

0-96 

8640 

138s 

fr! 

0-032 

12 

1-92 

17280 

3771 

03 

o'a48 

18 

a -88 

25920 

4:58 

0-4 

O'064 

24 

3-84 

345G0 

5543 

0-S 

o-oBo 

30 

4-8o 

43200 

69*9 

D-G 

0096 

36 

576 

61840 

83'S 

07 

42 

6-72 

60480 

9701 

0-8 

o-izS 

48 

7-68 

69120 

11087 

»9 

0-144 

64 

.     864 

77760 

1*473 

1- 

0160 

eo 

g-fia 

86400 

.3858 

fries 

o-<M7 

ID 

1-60 

14400 

2310 

&333 

O-0S3 

20 

J2I 

28800 

4619 

O'B 

0080 

30 

4  Si 

43200 

69*9 

frE66 

0-107 

40 

6-42 

67600 

9*39 

fr833 

0134 

60 

8-02 

72000 

11549 

1- 

o-i6o 

60 

9-62 

86400 

13858 

I'lES 

0187 

70 

11-23 

100BOO 

16168 

r333 

0-214 

8U 

12-83 

11S200 

18478 

I'B 

0141 

90 

14-44 

I29ffl0 

10788 

r66E 

o-a67 

100 

16-04 

144000 

23097 

US 

o-.as 

69-4 

III-4 

100000 

T6040 

1'93 

0-371 

tl6>7 

a22-8 

200000 

32079 

3-*7 

0-5S7 

20a'3 

334  ■» 

300000 

48119 

4-63 

0741 

277-7 

44S-6 

400000 

64159 

6-78 

0-918 

346-8 

556-9 

60DOOO 

80199 

6-94 

1114 

4l6'G 

667-3 

600000 

96239 

B'lD 

1-299 

ASG- 

779-7 

700000 

1.2*78 

9-26 

.■48s 

SS5-6 

89. -I 

BOOOOO 

.28318 

lOil 

(-670 

624-9 

looa-s 

900000 

144358 

I1S7 

iBs6 

G94'4 

ni3-9 

1  million 

160398 

Tablb  III.— storage  and  SUPPLY. 

Part  I.     Capacity  of  reservoirs  and  supply  from  catchment. 
Part  t.     Utilisation  of  a  continuous  supply  of  water. 
Part  3.    Equivalent  of  continuous  supply. 
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STORAGE  AND  SUPPLY.        [tabi^  hi,  part  I 


Part  i. — Capacity  of  reservoirs  and  supply  from  catchment 

FOR  A  NINE  MONTHS*  SUPPLY. 


Supply  aflforded 

dunng  270  days 

or  nine  months 

0>ntents  of 

reservoir  to  hold 

that  supply 

Surface  of  that 

reservoir  if  3  feet 

deep  00  the  average 

Catchment 

necessary  to  fill 

that  reservoir  in 

three  months ; 

with  1  foot 
available  rainlall 

in  that  time 

Cubic  feet  per 
!»econd 

Cubic  feet 

Square  feet 

Square  miles 

1 

23  328  000 

7  776000 

083678 

2 

46  656  ODO 

15  552  000 

I  67355 

3 

69  984000 

23  328  000 

2*51033 

4 

63  312  000 

31  104000 

3'347ii 

5 

116  640000 

38880000 

418388 

6 

139  968  900 

46  656  000 

5*02066 

7 

163  296  000 

54  432  000 

585743 

8 

186  624  000 

62  208  000 

6-69422 

9 

209  952  000 

69  984000 

753099 

10 

233  280  000 

77  760000 

836775 

1*1961 

27  878  400 

9  292  800 

I 

2-3901 

55  756  800 

18  585  600 

2 

3'5852 

83  635  200 

27  878  400 

3 

4-7802 

III  513  600 

37  171  200 

4 

6-9753 

139  392  000 

46464000 

5 

7-1704 

167  270  400 

55  756  800 

6 

8-3654 

195  148  800 

65049600 

7 

9-5604 

223  027  200 

74342000 

8 

10-7556 

250  905  600 

83  635  200 

9 

11-9506 

278  784  000 

92  928  000 

10 

Note. — ^The  reduction  of  similar  quantities  in  decimal  scientific  nnits 
is  so  simple  as  not  to  require  the  aid  of  tables. 


TABLE  III.  PAET  i]         STORAGE  AND  SUPPLY, 
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Part  i  {contintud), — Capacity  of  reservoirs  and  supply 

from  catchment. 


FOR  AN   EIGHT  MONTHS*  SUPPLY. 


1 

Catchment  area 

Supply  aflFbrded 

donng  240  days 

or  eight  momhs 

Contents  of 

reservoir  to  hold 

that  supply 

Surface  of  that 

reservoir  if  3  feet 

deep  on  the  average 

necexsary  to  fill 

that  reservoir  in 

four  in<-ntht, 

having  one  foot 

available  rainfall 

in  that  time 

Cubic  feet  per 
second 

Cubic  feet 

Square  feet 

Square  miles 

1 

20  736  000 

6  912000 

•7438 

2 

41  472  000 

13  824  000 

I  4876 

3 

62  208000 

20  736  000 

22314 

4 

82  944000 

27  648000 

2-9752 

6 

103  680  000 

34  560000 

37190 

6 

124  416  000 

41  472  000 

4*4628 

7 

145  152  000 

48384000 

5  2066 

8 

165  888  000 

55  296000 

59504 

9 

186  624  000 

62208000 

6*6942 

10 

207  360000 

69  120  000 

74380 

1*3444 

27  878  400 

9  292  800 

I 

a'CSSS 

55  756  800 

18  585  600 

2 

4-0333 

83  635  200 

27  878  400 

3 

fr3777 

III  513  600 

37  171  aoo 

4 

^rm 

139  392  000 

46  464  000 

S 

8-0666 

167  270  400 

55  756  800 

6. 

9-4100 

195  148  800 

65049600 

7 

10^7&&5 

223  027  aoo 

74342000 

8 

12-0999 

250  905  600 

83  635  200 

9 

13-4444 

278  784  000 

92  928  000 

10 

Note. — See  explanatory  examples  foUowing  Table  III. 
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STORAGE  AND  SUPPLY.        [table  iil  pait  I 


Part  i  {continued), — Capacity  of  reservoirs  and  supply  from 

catchment. 


FOR  A  SIX  months'  SUPPLY. 


Supply  afforded 

during  180  days 

or  SIX  months 

Contents  of 

reserroir  to  hold 

that  supply 

Surface  of  that 
reservoir  if  84  feet 

sary ;  with  1  foot 
in  180  days 

Cubic  feet  per 
second 

Cubic  feet 

Square  feet 

Square  miles 

1 

15  552  000 

5  184000 

0-55785 

2 

31  104000 

10  368  000 

1-11570 

3 

46  656  000 

15  552  000 

1-67355 

4 

62  208  000 

20  736  000 

2*23140 

5 

77  760000 

25  920  000 

278926 

6 

93  312  000 

31  104000 

3*347" 

7 

108  864  000 

36288000 

3-90496 

8 

124  416000 

41  472  000 

4*46281 

9 

139  968  000 

46  656  000 

5-02066 

10 

155  520000 

51  840400 

5-57851 

1-7926 

27  878  400 

9292  800 

I 

3-5852 

55  756  800 

18  585  600 

2 

6-3778 

83  635  200 

27  878  400 

3 

7- 1704 

III  513  600 

37  171  200 

4 

8-9630 

139  392  000 

46  464  000 

5 

10-7556 

167  270  400 

55  756  800 

6 

12-5482 

195  148  800 

65049600 

7 

14-3407 

223  027  200 

74342000 

8 

16-1333 

250  905  600 

83  635  200 

9 

17-9259 

278  784  000 

92  928  000 

10 

TABLE  III.  PART  i]         STORAGE  AND  SUPPLY. 
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Part  i  {continued), — Capacity  of  resermrs  and  supply  froni 

catchment. 


FOR  A  FOUR  months'  SUPPLY. 


Sujyply  afforded 

dunng  l20  days 

or  four  montM 

Contents  of 

resenroir  to  hold 

that  supply 

Swrfaceofthat 

reservoir,  if  8  fqet 

deep  CO  the  avenge 

Catdiment  neces- 
sary :  with  1  foot 
available  rainfall 
in  240  days 

Cubic  feet  per 
secoad 

Cubic  feet 

Square  feet 

Square  miles 

1 

10368000 

3456000 

03719 

2 

20  736  000 

6912  000 

07438 

3 

31  104000 

10  368000 

I-II57 

4 

41  472  000 

13  824000 

1*4876 

6 

51  840000 

17  280000 

I  -8595 

6 

62208000 

20  736000 

2*2314 

7 

72  576  000 

24  192  000 

2*6033 

8 

82944000 

27  648000 

2*9752 

9 

93  312  000 

31  104000 

3-3471 

10 

103  680000 

34560000 

3*7190 

2-6889 

27  878  400 

9292  800 

I 

6'3777 

55  756  800 

18  585  600 

2 

8-0668 

83  63s  200 

27  878  400 

3 

10-7555 

III  513  600 

37  171  200 

4 

13-4444 

139  392  000 

46464000 

5 

16-2000 

167  270  400 

55  756  800 

6 

18-8200 

195  148  800 

65  049600 

7 

21-5111 

223  027  200 

74342000 

8 

24*1999 

250  905  600 

83  635  200 

9 

26-8889 

278  784  000 

92  928  000 

10 
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STORAGE  AND  SUPPLY.        [table  iil   paw  % 


Part  2. —  Utilisation  of  a  continuous  supply  ofwcUer. 


3^ 


At  5 

gall<»s 

per  head 

daily 


At7i 

gallons 

per  head 

daily 


At  10 

gallons 

per  head 

daily 


At  15 

gallons 

per  head 

daily 


At  20 

gallons 

per  head 

daily 


At  26 

gallons 

per  head 

daily 


At  SO 

gallons 

per  head 

daily 


1 
2 

3 
4 
5 
6 
7 
8 
9 


Population  supplied 


107732 
215464 

323196 
430928 
538660 
646392 

754124 
861856 
969588 


10  1 1077320 


71820 

53866 

35910 

26933 

21546 

143640 

107732 

71820 

53866 

43093 

2I54IO 

I6I598 

107730 

80799 

64639 

287280 

215464 

143640 

107732 

86186 

359100 

269330 

179550 

134665 

107932 

430920 

323196 

215460 

I6I598 

129278 

474740 

377062 

237370 

I8853I 

150825 

574560 

430928 

287280 

21:464 

172371 

646380 

484794 

323190 

242397 

193917 

718200 

538660 

359100 

269330 

215464 

17955 
35910 

53865 

71820  I 

89775  I 
107730 
I 18685 
143640 

t6i595 
179550 


1% 


Atl 

cub.  foot 

per  head 
daily 


Atli 
cub.  feet 
per  head 

daily 


At  2 

cub.  feet 
per  head 

daily 


At2i 

cub.  feet 

per  head 

daily 


At  3 

cob.  Aet 

per  head 

daily 


At  4 

cub.  feet 

per  head 

daily 


At5 
cub.  feet 
per  head 

daily 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Population  supplied 


86400 
172800 
259200 
345600 
432000 
518400 
604800 
691200 
777600 
864000 


57600 
II520O 
172800 
230400 
288000 
345600 
403200 
460800 
518400 
576000 


43200 
86400 
129600 
172800 
216000 
259200 
302400 
345600 
388800 
432000 


34560 

69120 

103680 


28800 
57600 
86400 


138240   I 15200 


172800 
207360 
241920 
276480 
3IIO4O 
345600 


144000 
172800 
201600 
230400 
259200 
288000 


21600 

43200 

64800 

86400 

108000 

125600 

15120O 

172800 

194400 

216000 


17280 

34560 

51840 

69x20 

86400 

103680 

120960 

I3824P 

155520 

172800 


Note.— See  explanatory  examples  following  Table  III. 


TABlA  III.  PAET  2]        STORAGE  AND  SUPPLY. 
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Part  2. — (continued). 


feet 
cond 

At  50 

At  76 

At  100 

At  150 

At  200  1 

At  250 

At  300 

acres  per 
cub.  foot 

acres  per 

acres  per 

acres  per 

acres  per 
cub.  (oot 

acres  per 
cub.  foot 

acres  p-r 
cub.  foDt 

n  . 

cub.  foot 

cub.  foot 

cub.  foot 

il 

per  sec. 

per  sec. 

per  sec 

per  sec. 

j>er  sec.    ; 

1 

per  sec 

per  sec. 

Numbei 

'  of  acres  irrigated 

1 

50 

75 

100 

150 

200 

250 

300 

2 

100 

150 

200 

300 

400 

500 

600 

3 

150 

225 

300 

450 

600 

750 

900 

4 

200 

300 

400 

600 

800 

1000 

1200 

5 

250 

375 

500 

750 

1000 

1250 

1500 

6 

300 

450 

600 

900 

1200 

1500 

1800 

7 

350 

525 

700 

1050 

I4CX) 

1750 

2100 

8 

400 

600 

800 

1200 

1600 

2000 

2400 

9 

450 

675 

900 

1350 

iSdo 

2250 

2700 

10 

500 

750 

1000 

1500 

2000 

2500 

3000 

At  200 

sq.  chains 

per  cub. 

foot  per 

second 

At  300 

sq.  chains 

per  cub. 

foot  per 

second 

At  400 

sq.  chains 

per  cub. 

toot  per 

second 

At  600 

sq.  chains 

per  cub. 

foot  per 

second 

At  800 

sq.  chain.s 

per  cub. 

foot  per 

second 

At  1000 

sq.  chains 

per  cub. 

foot  per 

second 

At  1200 

sq.  chains 

per  cub. 

foot  per 

second 

Num 

ycT  of  squar 

e  chains  (Rs 

imsden)  irri| 

gated 

1 

200 

300 

4CX) 

600 

800 

1000 

1200 

2 

400 

600 

800 

I2CX) 

1600 

2000 

2400 

3 

600 

900 

1200 

1800 

2400 

3000 

3600 

4 

800 

1200 

1600 

2400 

3200 

4000 

4800 

5 

1000 

1500 

2000 

3000 

4000 

5000 

6000 

6 

1200 

1800 

2400 

3600 

4800 

6000 

7200 

7 

1400 

2100 

2800 

42CX) 

5600 

7000 

8400 

8 

1600 

2400 

3200 

4800 

64CX) 

8000 

9600 

9 

1800 

2700 

3600 

5400 

7200 

9000 

10800 

10 

2000 

3000 

4000 

6000 

8000 

lOOOO 

12000 
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STORAGE  AND  SUPPLY.        [TABLE  iii.  pait  3 


Part  3. — EquivaUnt  of  continuous  supply. 

Continuous  sapply  in  cubic  feet  per  second  into  total  quantities  and 
▼ice  vers^ 


1 

Continuoos  supply  in  cubic  feet  per  second. 

Total  Quantity 
in  cnbic  feet 

For2 
mooths 

For  8 

months 

For  6 
mooths 

For  8 

months 

For  9 

months 

For  IS 

315  380 

•06 

•04 

■02 

•CIS 

•013 

•01 

630  720 

'12 

•08 

•04 

•030 

•027 

-02 

946  080 

•18 

*I2 

■06 

•04S 

*040 

•03 

1261440 

•24 

•16 

•08 

*o6o 

•053 

•04 

1576  800 

•30 

•20 

*IO 

•07s 

t)67 

•OS 

1892  160 

•36 

.24 

•12 

•090 

•080 

^ 

2  207  520 

•42 

•28 

•14 

•105 

•093 

•07 

2  522  880 

•48 

•32 

•16 

*I20 

•107 

•08 

2  838  240 

•54 

•36 

•18 

•135 

•120 

•09 

1  million 

•1903 

•1268 

•0634 

•0476 

^0423 

•031710 

2  millions 

•3805 

'2537 

•1268 

•0851 

X)846 

•063420 

3      „ 

•5708 

•3805 

•1903 

•1427 

•1268 

•095129 

4      „ 

•7610 

•5074 

•2537 

•1902 

•1691 

•126839 

6      „ 

•9513 

.6342 

•317I 

•2378 

*2II4 

•158549 

6      „ 

1*1416 

•7610 

•3805 

•2854 

•2537 

•190259 

7      ,, 

1-3318 

•8879 

•4439 

•3II9 

*296o 

•221969 

8      „ 

1*5221 

I -0147 

•5074 

•3405 

•3382 

•253678    1 

9      „ 

1 7123 

1*1416 

•5708 

*428o 

•3805 

•285388 

10      „ 

1*9026 

1*2684 

•6342 

•4756 

•4228 

•317098 

TABLE  m.  PART  3]       STORAGE  AND  SUPPLY. 
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Part  3  {continued). — Equivalent  of  continuous  supply. 

Continnous  supply  in  cubic  feet  per  second  throughout  a  month  of  30 
days  that  is  equivalent  to  a  certain  number  of  waterings  in  a  month. 


Amounts  given 

at  each 
watering  to  one 
acre 

At  30 

waterings 
per  month 

At  15 

waterings 
per  month 

At  10 

waterings 
per  month 

At  4 

waterings 
per  month 

At  2 

waterings 
per  month 

Atl 

watering 
per  month 

Cubic  feet 

Monthly 

supply  in  c 

ubic  feet  po 

r  second 

10000 

•I  157 

t  -0579 

•0386 

•0154 

•0077 

•0039 

9000 

'1041 

•0520 

•0347 

•0139 

'O069 

■OO35 

8000 

•0926 

•0463 

•0309 

•0123 

•0062 

•0031 

7000 

•0810 

•0405 

•0271 

•0108 

•0054 

•0027 

6000 

•0694 

•0347 

•0231 

•0092 

•0046 

•0023 

6000 

•0579 

*0289 

•0193 

•0077 

•0039 

*ooi9 

4000 

•0463 

•0231 

•0154 

•0062 

•0031 

•0015 

3000 

•0347 

•0173 

•01 16 

•0046 

•0023 

*OOII 

2000 

•0231 

•01 16 

•0077 

•0031 

•0015 

-0008 

1000 

*oii6 

•0058 

■0039 

•0015 

•0008 

-0004 

8640 

•I 

•050 

•0333 

•0133 

•0066 

•0033 

7776 

•09 

•045 

•0300 

*0I20 

•0060 

•0030 

6912 

•08 

'040 

•0267 

•0107 

•0054 

•0027 

6048 

•07 

'035 

•0233 

•0093 

•0046 

•0023 

6184 

•06 

•030 

*0200 

•0080 

•0040 

*0020 

4320 

•05 

•025 

•0167 

•0067 

•0032 

'OOI6 

3466 

•04 

•020 

'OI33 

•0053 

*0026 

•0013 

2692 

•03 

•015 

*OIOO 

•0040 

•0020 

•0010 

1728 

•02 

•010 

•0067 

•0027 

•0014 

'OOO7 

864 

•01 

•005 

•0033 

•0013 

•0007 

•0003 
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STORAGE  AND  SUFPLY, 


[mxAiinjB 


Example  L 

A  snpply  of  18'23d  cubic  feet  per  second  is  wanted  during  eigiit  months 
of  the  year  from  a  reservoir  which  is  to  be  supplied  by  a  catchment 
area  yielding  an  available  rainfall  of  i  '32  feet  during  the  renuuning  fcmr 
months ;  required  the  contents  of  the  reservoir,  and  the  size  of  the  catdi- 
ment  area. 

Obtain  from  the  Table  the  quantities  due  to  i  foot  of  rainfall. 


Supply,  cubic  feet 

Contents  of  rescrvcir 

Catdiment  «r 

per  second. 

cubic  feet. 

square  miloi 

10 

207  360000 

74380 

8 

165  888  000 

5-9504 

•2 

4  147  200 

•1488 

•03 

622080 

•0223 

•004 

82944 

•0030 

18^234 


378  100  224 


13*5625 


Catchment  area  for  i  "32  feet  of  fall  =  ^^  ^  ^^ -  10*274  SQ-  milet. 

1*32 


Example  II. 

A  catchment  area  of  21*963  square  miles,  having  an  available  rminfaU 
of  I  "32  feet  in  four  months  of  rainy  season,  supplies  a  reservoir  which  is  to 
hold  water  for  eight  months'  supply  ;  what  should  be  the  full  contents  of 
the  reservoir,  and  the  supply  in  cubic  feet  per  second  during  the  eight 
months  ? 

The  proportionate  catchment  area  for  an  available  rainfall  of  one  foot 
will  =21  '963  X  I  *32  «  29-001  square  miles. 


Catchment  area 
20 

9 

*OOI 

29*001 


Contents  of  reservoir 
cubic  feet 

557  568  000 

250  905  600 

27878 

808  501  478 


Sapply,  cub.  ft. 
per  second 

26-888 
12-0999 
•0013 

38^9892 


examples] 
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Example  III. 

A  combined  irrigation  and  water- work  scheme  jrields  18*234  cubic  feet 
per  second ;  what  amount  of  land  and  of  population  could  it  supply,  at  the 
rates  of  150  acres  per  cubic  foot  per  second,  and  of  ^\  gallons  per  head 
per  diem,  if  one-fourth  is  to  be  used  for  the  water- works  ? 

The  supply  available  for  irrigation  will  be  « 18 '234— 4*558 « 13*676 
cubic  feet  per  second ;  and  from  Table  III.,  Part 2,  we  obtain  the  required 
results,  thus — 


Cubic  feet  per  lecond. 
4" 

Population. 
287  280 

•5 

'05 

•008 

35910 
0591 

574 

4-558 


327  355 


Cubic  feet  per  second. 

lO" 
3' 

•8 

•07 

'006 

13-678 


Acres. 

1500 

450 

90 
105 

1 

2051- 


Example  IV. 

A  town  has  a  population  of  40  000,  requiring  water  supply  at  3  cubic 
feet  per  head  daily,  and  has  suburbs  to  the  extent  of  i  400  acres  re- 
quiring irrigation  at  150  acres  per  cubic  loot  per  second  of  supply  : — what 
catchment  area  will  be  necessary  to  provide  this,  if  the  annual  rainfall  is 
60  inches,  out  of  which  a  half  can  be  utilised  ? 

According  to  Table  III.,  Part  2,  the  supply  necessary  will  be 


For  population. 
Persons.       Cub.  ft.  per  sec 
1' 

0-3 

0'08 

0-008 
0-0001 


28800 

8640 

2304 

230 

28 


40000 


1-3881 


For  irriKation. 
Acres.       Cub.  ft.  per  sec. 

1350  9* 

50  0-333 


I  400 


9-333 


Total  cubic  feet 
per  second. 

10*721 


According  to  Part  2,  Table  II.,  30  inches  of  effective  annual  rainfall 

is  equivalent  to  a  supply  of  2*2083  cubic  feet  per  second  from  one  square 

10'721 
mile,  hence  the  minimum  catchment  area  necessary  will  «         ..     =  ^•g^ 

square  miles. 


■1 


f 


.! 


t» 


( 
I. 


Table  IV.— FLOOD  DISCHARGE. 

Part  I.  Table  of  flood  discharges  in  cubic  feet  per  second,  dne  to  catch- 
ment areas  in  square  miles,  and  corresponding  to  a  coefficient 
>(a>l  in  the  formula — 

Q-*xlOO(K)*. 

Part  2.    Flood  discharges  in  cubic  feet  per  second  due  to  catchment  areas, 

with  values  of  k  from  1  to  20 

Part  3.    Flood  waterway  for  bridge-openings  under  coefficients  k  ■>  8*26 ; 

and)(-12. 
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FLOOD  DISCHARGE,        [table  iv.  paet  i 


Part  i. — Table  of  flood  discharges  in  atbic  feet  per  second^  due 

coefficient  k=:l  in  the  formula  q__;^^  jqq  n^* 


9 

g 

8 

S 

J8 

Flood 

69 

Flood 

B2 

Flood 

\\ 

Flood 

la 

discharge 

•6S 

discharge 

discharge 

disdurgc 

c3 

c3 

c3 

6 

•01 

3 

11 

604 

41 

1620 

71 

2446 

•02 

5 

12 

645 

42 

1650 

72 

2472 

•03 

7 

19 

685 

43 

1679 

73 

2498 

•04 

9 

14 

724 

44 

1708 

74 

2523 

•05 

II 

15 

762 

45 

1737 

75 

2549 

•06 

12 

16 

800 

46 

1766 

76 

2574 

•07 

14 

17 

837 

47 

1795 

77 

2599 

•OB 

'5 

18 

874 

48 

1824 

78 

2625 

•09 

i6 

19 

910 

49 

1852 

79 

2650 

20 

946 

50 

1880 

80 

2675 

•1 

i8 

21 

981 

51 

1908 

81 

2700 

•2 

30 

22 

IOI6 

52 

«936 

82 

2725 

•3 

41 

23 

1050 

53 

1964 

83 

2750 

•4 

50 

24 

1084 

54 

1992 

84 

2775 

•5 

59 

25 

II18 

55 

2020 

85 

2799 

•6 

68 

26 

II51 

56 

2047 

86 

2824 

•7 

76 

27 

1 184 

57 

2074 

87 

2849 

•8 

85 

28 

I217 

58 

2802 

88 

2873 

•9 

92 

29 

1250 

59 

3129 

89 

2898 

30 

I2S2 

60 

2155 

90 

2922 

1' 

IQO 

31 

I3»4 

61 

2183 

91 

2946 

2- 

168 

32 

1345 

62 

2210 

92 

2971 

3- 

238 

33 

1377 

63 

2236 

93 

2995 

4- 

283 

34 

140S 

64 

2263 

94 

3019 

5- 

334 

35 

1439 

65 

2289 

95 

3043 

8' 

383 

36 

1470 

66 

2316 

96 

3067 

7* 

430 

37 

1500 

67 

2342 

97 

3091 

fr 

476 

38 

1531 

68 

2368 

98 

3"5 

9- 

520 

39 

1561 

69 

2394 

99 

3139 

10' 

562 

40 

1590 

70 

2420 

100 

3'62 

TABLE  IV.  FAKT  I]     FLOOD  DISCHARGE. 


to  eatchment  areas  in  square  miies,  and  eorrtspoitding  I 
For  local  values  ofat^Uimts,  see  Part  a,  Taile  XII. 


Ill        Flood 

h 

FU^ 

i 

^ 

J! 

Flood 

IS     dUcl-r^ 

t 

diKhHce 

•luchun 

V 

di«dur(. 

110     3397 

410 

91 13 

710 

■3  754 

1^ 

3I033 

120     36as 

420 

9»78 

720 

13900 

1S00 

84103 

130     3850 

430 

9443 

730 

14044 

1760 

37057 

140     4070 

440 

9607 

740 

14  1S8 

2000 

39907 

160      43« 

4S0 

9770 

760 

1433a 

2600 

35  355 

160     4499 

460 

9933 

760 

14475 

3000 

40536 

m    4708 

470 

10094 

770 

14617 

3G00 

4SS04 

180     4914 

480 

10  355 

780 

14760 

4000 

5»897 

190     S»I7 

490 

10415 

790 

14  90" 

4600 

54  943 

200     5318 

600 

10574 

BOO 

15043 

6000 

59460 

210     SS"7 

610 

1073a 

810 

15  183 

6600 

63867 

220     57" 

G20 

10890 

820 

15  3»4 

6000 

68173 

230     5906 

630 

11046 

830 

15463 

G600 

73391 

240     6098 

640 

II  303 

840 

y6o3 

7000 

76  5*9 

260     6387 

660 

"357 

B60 

1574a 

7600 

80593 

260     647s 

660 

11  513 

860 

■  5SS1 

8000 

84590 

270     6661 

670 

11666 

870 

16  019 

8500 

88535 

280     6845 

680 

II  819 

880 

16157 

9000 

93403 

290     7<W7 

690 

II  791 

880 

16295 

9600 

96448 

300     TaoS 

600 

13  133 

900 

16433 

10  000 

100000 

310     7388 

610 

13  M4 

910 

16568 

320     75M 

620 

13  41s 

920 

16705 

20  000 

168179 

330     7743 

630 

"575 

930 

16841 

30  000 

338  385 

340     79"8 

640 

"7*4 

940 

16976 

40  000 

aSasJS 

360     So9a 

660 

"873 

950 

17113 

60  000 

334370 

380     816s 

660 

13031 

960 

17346 

BO  000 

383366 

370     8436 

670 

"3«69 

970 

17381 

70  000 

430  351 

380     8607 

680 

I3  3«6 

960 

«7S"i 

80000 

475683 

390     8776 

690 

13463 

990 

17649 

90  000 

519615 

400     8944 

700 

13609 

1000 

17783 

100  000 

S6a34i 
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FLOOD  DISCHARGE. 


[TABLE  IT.  MIT  t 


Part  2. — Fla(Hl  discharges  in  cubic  feet  per  seemed  dm  U 


Catch- 

ment  in 

■quare 

miles 

*=a 

i»=8 

k^4L 

k»5 

1  '" 

0*05 

22 

33 

44 

55 

66     ' 

0*1 

36 

54 

72 

90 

108 

0-2 

60 

90 

120 

150 

180 

0-3 

82 

"3 

164 

205 

246 

0-4 

100 

150 

200 

850 

300 

0*6 

118 

177 

236  ^ 

295 

354 

0-6 

136 

204 

272 

340 

408 

0-7 

152 

228 

3<H 

380 

456 

0*8 

170 

255 

340 

425 

510 

0-9 

184 

276 

368 

460 

55* 

1- 

200 

300 

400 

500 

600 

2' 

336 

504 

672 

840 

I  008 

3- 

476 

714 

952 

I  190 

I  428 

4- 

566 

849 

I  132 

1415 

1698 

5- 

668 

1002 

1336 

I  670 

2004 

6- 

766 

1 149 

I  532 

1915 

2298 

7' 

860 

1290 

I  720 

2  150 

2580 

8- 

952 

1428 

1904 

2380 

2856 

e* 

1040 

1560 

2080 

2600 

3  ISO 

10 

1124 

1686 

2248 

2810 

3372 

20 

1802 

2838 

3784 

4730 

5676 

30 

2564 

3846 

5  128 

6  410 

7692 

40 

3180 

4770 

6360 

7950 

9540 

50 

3760 

5640 

7520 

9400 

II  280 

60 

4310 

6465 

8620 

10  775 

12930 

70 

4840 

7260 

9680 

12  100 

I4  5«> 

80 

5350 

8025 

10  700 

13  375 

16050 

90 

5844 

8766 

II  688 

14  610 

17532 

100 

6324 

9486 

12648 

15  810 

1897a 

TABLS  IV,   FAST  I]     FLOOD  DISCHARGE. 


eaUAment  anas,  with  other  values  of  the  coefficient  k. 


C«dUB«I 

■ 

".sr 

1=9 

*-8 

*=4 

*-B 

10O 

6  3>4 

9486 

11648 

15  810 

200 

10636 

"5  95* 

11371 

36590 

300 

14  416 

J1634 

38831 

36040 

400 

178SS 

1683a 

35776 

44730 

500 

ai  148 

31713 

41396 

53870 

GOO 

24146 

36369 

48491 

606:5 

700 

37Z1S 

40817 

54436 

68045 

BOO 

300S4 

45136 

60168 

75  310 

900 

3aS64 

49196 

65718 

83160 

1000 

3SSM 

53  349 

71  133 

8891S 

2000 

59814 

89731 

119  618 

149  535 

3000 

8i07» 

131  60S 

162  144 

101680 

4000 

100594 

150891 

301  ISS 

15148s 

sooo 

118910 

178380 

337840 

397300 

6000 

136346 

304519 

373693 

340865 

7000 

153058 

339587 

316 116 

383  645 

8000 

169  iBo 

»S3  770 

33S360 

433950 

9000 

184  S04 

377106 

369608 

462010 

10  000 

300  000 

300000 

400000 

500000 

20  000 

336  358 

S04  537 

673  716 

840895 

30  000 

476  570 

7M  8SS 

953  140 

1  191  435 

40D00 

564  710 

847  06S 

1  119430 

1  41177s 

60  000 

668740 

1  003  110 

1337480 

I  671  850 

60  000 

76673a 

1150098 

I  533  464 

I  916  830 

70  000 

860704 

I  391  056 

1731408 

3151760 

BO  000 

951366 

1437049 

1  903  7J1 

3  378  41 5 

90  000 

I  039  2JO 

1558845 

2  078  460 

2  598  07s 

10OOOO 

I   114689 

1687033 

3249364 

3  8m  70s 
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FLOOD  DISCHARGE, 


[TABLE  IV.  PAIT  S 


Part  2  (cont\ — Flood  dUcharges  in  ciMc  feet  per  setoni 


Catch- 

ment in 
square 
rnilct 

i»»8 

**10 

i»=12 

t»16 

1-10 

005 

88 

1 10 

132 

176 

220 

01 

144 

180 

216 

288 

360 

02 

240 

300 

360 

480 

600 

03 

3*8 

410 

49a 

656 

830 

04 

400 

500 

600 

800 

1000      ; 

'    05 

472 

590 

708 

944 

1 180   : 

;  06 

544 

680 

816 

10S8 

1360  1 

07 

608 

760 

912 

I  216 

1520 

;  08 

1 

680 

850 

1020 

1360 

I  700 

09 

736 

920 

I  104 

147a 

1840 

1* 

800 

1000 

1200 

1600 

2000 

2- 

1344 

1680 

2016 

2688 

3360 

3- 

1904 

3380 

2856 

3808 

4760 

4- 

2264 

2830 

3396 

4528 

5660 

5- 

2672 

3340 

4008 

5344 

6680 

0 

2904 

3830 

4596 

5808 

7660 

7- 

3440 

4300 

5  160 

6880 

8600 

0 

3808 

4760 

5712 

7616 

9520 

9- 

4  160 

5200 

6240 

8320 

10400 

10 

4496 

5620 

6744 

8992 

II  240 

20 

7  568 

9460 

"352 

15136 

18920 

30 

10256 

12820 

15384 

20512 

25640 

40 

12720 

15900 

19080 

25440 

31800 

50 

15040 

18800 

22560 

30080 

37600 

60 

17  240 

21550 

25860 

34480 

43100 

;    70 

19360 

24200 

29040 

38720 

48400 

80 

21400 

26750 

32  100 

41800 

53500 

90 

23376 

29220 

35064 

46752 

58440 

100 

25296 

31620 

37  944 

50592 

63240      > 

TABLi  IV.  FART  2]     FLOOD  DISCHARGE. 


dtu  to  aUehment  anas  with  other  values  of  the  weffidmt  k. 


C«<ili- 

neilui 

*=B 

1=13 

*=ie 

1-30 

milei 

100 

as  =96 

37944 

50592 

63240 

200 

4»S44 

63816 

85088 

.06360 

300 

57664 

86496 

"5  328 

144  160 

400 

7"S5» 

107328 

143104 

178880 

GOO 

84S9» 

IZ68S8 

169184 

3,1480 

EOQ 

96984 

MS  476 

193968 

242460 

700 

10S871 

163308 

217  754 

272180 

800 

i»336 

180504 

240672 

300840 

an 

131 456 

197184 

362  212 

328,640 

1O0O 

143364 

a"3396 

384528 

355660 

2000 

339  256 

358884 

478512 

598140 

3000 

314288 

486432 

648576 

810720 

4000 

402376 

603564 

804753 

1005940 

5000 

475680 

713520 

951360 

I  189200 

6000 

545384 

818076 

1090768 

1363460 

7000 

632  232 

918348 

1264464 

'530580 

8000 

676  720 

1015080 

"353480 

1691S00 

9000 

739216 

1108814 

1478432 

1848040 

1Q0OO 

800000 

1200000 

■  600000 

2000000 

20000 

•345*3" 

2018  14S 

2690864 

3363580 

30000 

1906280 

2859420 

38.2560 

4  765  700 

40000 

2258840 

3388260 

45"7  68o 

5  647 100 

50000 

2674960 

4011440 

5  349  920 

668740° 

BO  000 

3066928 

4600392 

6133856 

7667320 

70000 

344»8i6 

5164214 

6  885  632 

8607040 

SO  000 

3805464 

5708196 

7  610  918 

95'366o 

90000 

41569*0 

6  235  3B0 

8  3'3  840 

10392300 

WO  000 

449S728 

6748092 

8  977  456 

11246S20 
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FLOOD  DISCHARGE.        [TABUt  iv.  fait  3 


Part  3. — Flood  waterway  for  bridge  openings  under  a 

coefficient  k=8'25. 

(By  Colonel  Dickens.) 


Catchment 
area 

Flood 
discharge 

As- 
sumed 
velocity 

Flood 
waterway 

Namber 
of  square 
openings 

Span 

Hei|bt 
ofpKr 

Square  miles 

Cubic  feet 
per  second 

Feet 
per  sec. 

Square 
feet 

Number 

Feet 

Feet 

•0016 

6-5 

1*5 

I| 

•0031 

II 

2*25 

2 

it 

•0047 

»5 

3* 

2 

•0078 

22 

5 

4-5 

3 

•0125 

31 

6- 

«7 
3 
4 
6 

•0250 

52 

lO'S 

3  1 

4  1 

1 

•0625 

103 

6 

i8- 

•1250 

173 

6 

29  • 

7 
10 

•2600 

292 

6 

49* 

•6000 

490 

6 

8i- 

12 

1 

c§ 

137 

2 

12 

i 

2 

1388 

200 

3 

12 

3 

I  881 

^ 

270 

3 

14 

6 

2  760 

400 

3 

16 

8 

7 

3550 

507 

3 

18 

0 

10 

4640 

663 

3          ao         II 

20 

7804 

8 

975 

5          20         10 

30 

10577 

8 

I  322 

5          24    1    II 

60 

15605 

9 

1734 

5         30    1    ii4 

100 

26094 

9 

2899 

5         40    1    14 
7         40         15 
9          ifo     1     i6l    1 

200 

43884 

10 

4388 

300 

59481 

10 

5948 

500 

87255 

10 

8725 

9 

50         19 

1000 

146  737 

10 

14673 

15 

50         19 

2000 

246  780 

II 

22434 

15 

60            24 

3000 

334  487 

II 

30408 

20 

60           25 

75    1    27 

5  000 

490636 

12 

40886 

20 

10  000 

825  000 

12 

68750 

30 

75         TO 

20  000 

I  385  746 

13 

106  749 

40 

1 

75 

35 

30  000 

I  870  962 

'3 

143  920 

45 

86 

40 

50  000 

2  695  690 

14 

190  256 

50 

90 

42 

100  000 

4  639  274 

»5 

306  285 

60 

100 

50 

TABLE  IV.    PART  3]        FLOOD  DISCHARGE. 


35 


Part  3  (cont).- 


'Flood  waterway  for  bridge-openings  under  a 
coefficient  k=12. 

(By  the  Author.) 


Catchment 
area 

Flood 
discharge 

As- 
sumed 
velocity 

Flood 
waterway 

No.  of 
sq.  open- 
ings 

Span 

Height 

Square  miles 

Cub.  feet 
per  sec. 

Feet 
per  sec. 

Square 
feet 

No. 

Feet 

Feet 

•0016 

9*6 

2 

2 

I 

•0031 

15-8 

3 

3 

I 

'0047 

21 '5 

4 

3 

I^ 

•0078 

31  5 

6 

3 

2 

•0125 

44*9 

9 

3 

3 

'0250 

75*4 

15 

4 

4 

•0625 

150 

6 

25 

5 

5 

•1250 

252 

6 

42 

9 

5 

•2500 

424 

6 

71 

12 

6 

•5000 

708 

6 

118 

2 

10 

6 

1- 

I  200 

172 

3 

10 

6 

t 

2  016 

288 

3 

12 

8 

3- 

2856 

408 

3 

16 

9 

6^ 

400S 

573 

5 

14 

9 

7- 

5  160 

738 

5 

15 

10 

10- 

6744 

964 

5 

19 

10 

20 

II  352 

8 

1694 

5 

28 

12 

30 

15384 

8 

1924 

5 

30 

13 

50 

22  560 

9 

2508 

5 

40 

13 

160 

37  944 

9 

4  216 

7 

40 

:i 

200 

63816 

10 

6382 

9 

40 

300 

86496 

10 

8650 

9 

50 

20 

500 

126588 

10 

12  660 

II 

60 

20 

1000 

213396 

10 

21  340 

15 

60 

25 

2000 

358884 

II 

32  626 

17 

80 

25 

3000 

486  432 

II 

44  222 

23 

80 

25 

5000 

713520 

12 

59460 

20 

100 

30 

10  000 

I  200000 

12 

100  000 

25 

100 

40 

20  000 

2  018  148 

13 

155244 

26 

150 

40 

30  000 

2  859  420 

13 

219  956 

28 

200 

40 

50  000 

4  012  440 

14 

286604 

29 

250 

40 

100  000 

6  748  0Q2 

15 

449874 

45 

250 

40 

I    ' 


!f.' 


.1 


Table  V.— SECTIONAL  DATA, 

Sectional  Areas  (A)  and  Hydraulic  Radii  (R), 

Part  I.     For  Rectangular  Canal  Sections 

Part  2.     For  Trapezoidal  Canal  Sections  having  side-slopes  of  one 

to  one. 
Part  3.     Dimensions  of  Channel  Sections  of  equal  discharge. 
Part  4.     Values  of  A  and  R  for  Cylindrical  and  Ovoidal  Pipes  and 

Culverts. 

FOR  USB  IK  THE  GENERAL  FORMULiC, 

F-tf.lOOVUS 


Tits  TaNi  may  U  uttd  with  any  unit  of  measurimaU. 


SECTIONAL  DATA.  [Taus  V.  ttXtl 


Yhxs  I. — Sectional  Anas  (A)  and  Hyiraulie  RadS  (R), 
Comsfimding  to  varioat  Btd- 


t 

- 

=. 

<■ 

- 

=. 

~ 

^ 

^ 

J, 

J, 

^ 

g 

A 

X 

0-6 

0'333 

i-S 

0-375 

2-5 

0-416 

07S 
i 

I'S 

0-5 

2 -as 
3- 

%l 

sai 

v 

0577 
0714 

V26 

I'S 

0-555 

3-75 

0-631 

0-769 

6-iS 

0-8JJ 

1-5 

3- 

□■6oo 

4-S 

0-750 

0-SS7 

7-S 

0-937 

I'75 

3 '5 

□  ■636 

s-»s 

O'KoS 

0-933 

8-7S 

1-019 

!■ 

0-666 

6- 

0-8S7 

2-2S 

4 '5 

o'figi 

675 

O-q 

'i-oSS 

It -as 

1-184 

2'& 

S" 

0714 

7-5 

0937 

12-5 

1-250 

in 

55 

0733 

8as 

0-971 

I  158 

»3-7S 

"309 

■i- 

6- 

0750 

9- 

is- 

1-364 

3'5 

T 

0777 

lo-S 

loso 

1-273 

17-50 

4' 

8- 

o-Soo 

1-091 

'■333 

30- 

£■ 

10- 

0'833 

'■s- 

lis* 

20 

1-42S 

25- 

i-6« 

1 

=14 

-" 

• 

.te 

» 

-»0 

^ 

R 

^ 

g 

^ 

y; 

^ 

Jt 

!■ 

»4- 

0-S7S 

16 

0-8S8 

18 

30 

0-909 

1'2B 

I7'S 

ro6: 

)'o8o 

22-5 

.■098 

25 

1-fi 

1-244 

^a 

1-262 

27 

1-2S6 

30 

1-305 

175 

Z4'S 

1397 

28 

1-434 

31-5 

1-468 

35 

1-491 

!■ 

zS- 

'■555 

3z 

l-6ao 

36 

1-6J6 

40 

1-666 

i'ZS 

3' 5 

1-701 

36 

■757 

40-S 

i-Soo 

45 

i;836 

S'S 

35' 

1-841 

40 

1  904 

45 

"■953 

50 

276 

3S'S 

1-971 

2050 

49-5 

2- 109 

55 

a-156 

S' 

4*' 

48 

2-182 

54 

2-250 

60 

a-3o7 

S'ZB 

45-5 

2-230 

S^ 

2-311 

58-5 

2-J87 

65 

1-457 

3-6 

49- 

a '333 

55 

2-346 

63 

70 

1-590 

3-76 

Sa-5 

a -447 

5a 

2-556 

67-5 

75 

2-727 

4' 

S6- 

2-545 

64 

2-666 

72 

So 

7-857 

*I5 

59-5 

2-644 

68 

2774 

7fi-S 

2-891 

8S 

2-975 

«'5 

63- 

2741 

72 

2-SSo 

81 

3' 

90 

3" 'OS 

47S 

66.S 

SS33 

76 

2-979 

85-5 

3-I09 

9S 

3-211 

&> 

JO- 

2-917 

So 

3-0B0 

90 

3-214 

3-333 

5'5 

IT 

3-0&. 

SS 

3-255 

99 

3416 

3  553 

fr 

84- 

3 '23° 

96 

3-429 

to3 

3-60Q 

3750 

7- 

93- 

3-500 

IIZ 

3-733 

126 

3-9J8 

140 

4-116 

TABLE  V.  PART  I]        SECTIONAL  DATA. 


for  Rectangular  sections  of  Channels,  Canals,  and  Aqueducts. 

widths  {b)  andDepthtf/Watirii). 


J 

... 

.8 

.... 

»= 

1.            1 

~ 

^ 

ff 

^ 

R 

^ 

K 

^ 

.       1 

I'O 

6- 

8 

Soo 

0-833 

0-857 

1-6 

7-5 
9- 

° 

882 

9 

857 
091 

12-5 

■■154 

IS 

18 

"-03S 

1-200 

1-76 

10-5 

106 

'4 

21S 

'0-^ 

1-295 

1357 

!■ 

16 

333 

1429 

24 

^•& 

'3'S 

386 

iS 

22-5 

1-553 

27 

2-5 

IS- 

364 

1 

538 

25- 

1-666 

30 

•tlh 

16S 

436 

623 

27 -s 

1-777 

33 

3- 

ig- 

S 

24 

714 

30- 

■■875 

36 

3-2S 

195 

560 

26 

794 

32-5 

1-970 

39 

2106 

3-6 

6.5 

866 

35- 

2-058 

42 

2-209 

3'7E 

S2-5 

666 

30 

93S 

37-5 

2-143 

*l 

2304 

* 

24" 

714 

3a 

40- 

2-ZM 

48 

2-4 

E' 

30- 

I    87s 

40 

2-222 

50- 

a-500 

60 

2-727 

1 

.=« 

* 

=  30 

».« 

' 

« 

^ 

yf 

^ 

K 

A 

B 

^ 

f. 

!■ 

25" 

0'925 

30 

0-93S 

35- 

0-94S 

0-9S2 

I'B 

37  *S 

'■338 

45 

<-3lH 

52  5 

1-382 

1-398 

!■ 

50- 

172s 

60 

.-764 

70- 

1-792 

80 

1-818 

225 

S6-3S 

1-901 

67-5 

1-957 

78-75 

1  994 

90 

2-023 

2-5 

62-5 

2083 

75- 

2-143 

87 -s 

2-.87 

2-222 

276 

6S-75 

2JSS 

82-5 

2326 

tfS-25 

2-377 

2-418 

3- 

V>' 
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8- 

■984' 

7-554 

7-586 

2304- 

7-613 

2464- 

7-637 

8'& 

2iir25 

S'ooo 

8035 

2453-25 

8-066 

2622  25 

8-092 

9- 

2241' 

S-442 

3-481 

2601- 

8-515 

2781- 

8-545 

9'5 

237o'25 

8-882 

2560-25 

8-925 

2750-25 

8-962 

2940-25 

8-995 

10- 

2500' 

9319 

2700- 

9-366 

2900- 

9-407 

3100- 

9-443 

tO'S 

2630  ■25 
2761- 

¥S 

2840-25 
2981- 

9-804 
10-24 

3050-25 
3201- 

9-849 
:o-29 

3260-25 
3421- 

9-889 
10-33 

11-6 

289225 

io'6i 

3122-25 

.0-67 

3353-25 

10-73 

3582-25 

10-77 

I? 

3024- 

3S64- 

3504- 

11-16 

3744- 

12'5 

3' 56 '25 

ir46 

3406-25 

'"■53 

3656-25 

11-59 

3906-25 

11-65 

«■ 

3289' 

11-88 

3549- 

il-96 

3809- 

4069- 

12-08 

M' 

3556- 

i2-;2 

3SJ6- 

l2-So 

4116- 

I2-M 

4')6- 

13-94 

IS' 

^    6- 

'3"S4 

4125- 

■3-64 

4425- 

13-72 

4725- 

13-80 

16- 

14-36 

4416- 

M-47 

4736- 

14-56 

5056- 

14-64 

20' 

5200- 

17-53 

5600- 

■7-69 

6ooo- 

17-83 

17-95 

60 


SECTIONAL  DATA, 


[TARI.B  V.    FAET      S 


Reduction  Multipliers  for  R. 

For  obtaining  Values  of  "R^  the  Hydraulic  Radius,  for  anj  Trapezoidil 
Section,  from  those  of  R  given  for  Rectangular  Sections  in  Part  I. 

^  is  the  ratio  of  the  bed-width  to  the  depth  of  water. 
d 


h 

Radot  of  Side  Slopes. 

d 

0-5 

Rectr.     VV  to  1. 

}to1. 

itol. 

{tol. 

Itol. 

Utoi. 

l^tol.   9 tol. 

I-O 

II79 

1-242 

1-828 

2083 

2*254 

2-332 

2*435    2*514 

075 

1*105 

1*160 

1-536 

1-692 

1-793 

1-855 

I  894  .  I  •93» 

1- 

I  081 

1119 

1-391 

1*500 

1-567 

1*606 

1-628  !  1*645 

1'25 

I  064 

1*095 

1*305 

1-386 

1-434 

1*460 

I  -473  1  I  -477 

15 

1-054 

1078 

1*249 

^'3^3 

1-348 

1*364 

1*371 

1-36S 

2- 

1*040 

1*058 

1*180 

1-222 

1*243 

1*249 

1*249 

1*236 

2'5 

1-032 

1*046 

1*140 

1*170 

i*ih3 

1-184 

1179 

I*i(>2 

3-0 

1*026 

1-038 

1*114 

1*136 

1*144 

1*142 

1*135 

III5 

3-5 

1023 

1033 

I  096 

1-113 

1-117 

1-114 

I-I06 

1-084 

4-0 

I -020 

1-029 

1*082 

1-096 

1-099 

1-C93 

1*085 

I  062 

4'5 

ix)i6 

I  025 

1*072 

1*085 

1-084 

1*078 

1*069 

1-046 

5' 

1*016 

I  023 

1-064 

1073 

I -073 

I -06; 

1*057 

1-038 

6- 

IOI3 

i-oiS 

1*052 

1*059 

1*057 

1*051 

1*041 

1*019 

7- 

I 'Oil 

I -016 

I -044 

1-049 

1*047 

1*039 

I  03 1 

1-009 

8- 

I-OIO 

I-0I4 

1038 

1-042 

1039 

1*032 

I  023 

1*002 

9* 

1-009 

I -012 

»033 

1-036 

I -033 

1*027 

1*018 

0998 

10* 

1008 

I-OII 

I  030 

I  032 

1*029 

1*023 

1*014 

0*995 

12* 

1*006 

I  009 

1*024 

1*026 

1*023 

1*017 

1*009 

o*99i 

14* 

1*005 

I  008 

I  02 1 

I  022 

I  019 

1*013 

I '006 

0*990 

16' 

1*004 

1-007 

1*018 

1*018 

i*oi6 

I-OII 

I-004 

0*989 

18* 

1*004 

I -006 

I -016 

I -016 

1-014 

1*009 

I  003 

0*989 

20- 

1*004 

1-005 

I -014 

I -014 

1*012 

1*007 

1*002 

0*989 

30* 

1-003 

1*003 

1*009 

1-009 

1*007 

1*004 

i-ooo 

0-090 

40. 

1*002 

1*003 

1*007 

I  007 

1-005 

1*002 

i*ooo 

0-992 

50' 

1*001 

1*002 

1*005 

I  005 

1-004 

1*002 

0*999 

0*992 

60- 

1*001 

1*002 

1*005 

1-005 

1-004 

I*OOI 

0*999 

0*994 

70- 

fOOI 

1*001 

1*004 

1*004 

1*003 

1*001 

0999 

0995 

80' 

fOOI 

I  001 

I  003 

1*003 

I*002 

1*001 

0*999 

0*995 

90' 

1*001 

I'OOI 

I  003 

1*003 

1*002 

1*001 

0*999 

0-995 

too* 

fO 

1*001 

fOOI 

1-003 

1*003 

1*002 

1*001 

0*999 

0*996 

To  obtain  values  of  A'  the  secti*  nal  area  for  any  trapezoidal  section 
having  /  to  1  as  the  ratio  of  the  side  slopes,  add  id*  to  the  values  of  A 
given  for  rectangular  sections  in  Part  I. 


TARLB  V.  PART  2\  SECTIONAL  DATA. 


Reduction  Multifueks  for  R. 

For  obtaining  Vtlne*  of  R,  the  Hrdnnlic  Ridiut,  for  anj  Trapeioirlal 
Section,  from  ihoie  of  R  given  for  TrepeioidAl  Sectiooi  havinf  Side 
Slopes  of  One  to  One  in  Fait  3. 


t  U  the  luio  of  the  bed-width  to  the 

depth 

Dfwate 

J 

Ra.io.^SL.eSl.p-. 

s 

0-S 

Olol.   Afl-   JK-1-    tt"i-    li«i-    i»i-   Ut«i.   lit").   )i«i. 

■4437 

0523 

o-ssi 

oSii 

0-924 

i-o 

1-035 

i-oSo 

11 16 

0-7S 

■SS77 

0-616 

0-647 

0-857 

0944 

1-035 

1-056 

1-077 

■638* 

0-690 

0-714 

o-SSS 

D-9S7 

1-02S 

1-039 

1050 

1-25 

■6974 

0-742 

0-764 

0-910 

0-967 

I -027 

l-OjO 

n 

■7418 

0-7S2 

o-8oo 

0-927 

0-974 

1-01 2 

I  017 

i-ois 

z- 

■8o4S 

0-837 

o-So 

0-949 

0-983 

i-oos 

1-005 

0-994 

2-5 

■8453 

0-872 

0-8S4 

0-964 

0989 

0-997 

0-9S2 

3- 

-874. 

0-897 

0-907 

0-974 

0-993 

0-'^ 

0-992 

0-975 

3'5 

■S953 

0-916 

0-919 

0-979 

0-996 

0-997 

0-989 

0971 

*■ 

■9099 

0-928 

0^933 

%^ 

0-997 

0-994 

0-986 

0-966 

4'S 

■9125 

0937 

0-944 

0-994 

0-985 

0-965 

fr 

■9310 

0.947 

0-9S3 

0-991 

1-000 

0-994 

0-984 

0-904 

6 

•9461 

0-958 

0-963 

0995 

1-002 

0-994 

0-984 

0-963 

7 

■955  > 

0-966 

0-970 

0-997 

I -00a 

0-992 

0-984 

0-963 

a 

■96JS 

0-972 

0-976 

0-999 

1-003 

0-993 

0-984 

0-964 

0 

■9681 

0-977 

0-980 

1-003 

0-994 

0-985 

0-966 

to 

■9718 

0980 

0-983 

I -001 

.■003 

0-994 

0-985 

0-967 

12 

■9775 

0-983 

0-986 

1-001 

1-003 

0-994 

0-986 

0-970 

14 

■9814 

0-986 

0-989 

1-003 

0-994 

0-9*7 

0-972 

tG 

■9843 

0-988 

0-991 

1-002 

0-99S 

0-988 

0-974 

18 

$1 

0-990 

0-992 

0-995 

0-989 

0-976 

20 

o-99i 

0-993 

i-ooa 

1-002 

0-995 

0-99Q 

0-978 

30 

■9930 

0996 

0-996 

1-002 

1-002 

0-997 

0-993 

0-983 

40 

■9950 

0-997 

0-998 

1002 

0997 

0-995 

0-987 

50 

■9960 

0-997 

0^8 

l-OOl 

0-998 

0-995 

0-988 

60 

■9960 

0-997 

0-998 

0-997 

0-99S 

0-990 

70 

■9970 

0-998 

0-998 

0-99S 

0-996 

0-992 

eo 

-9980 

0-999 

0-999 

0-999 

0-997 

0-993 

90 

■9980 

0-999 

0-999 

0-999 

0-997 

0-993 

too 

■9980 

0-999 

0.999 

1-001 

i-ooi 

1-0 

0-999 

0-997 

0-994 

To  obtain  values  of  A'  the  seclioDal  aiea  foi  any  tispeioidal  section, 
having  t  to  1  ua  the  ratio  of  the  side  slopes,  add  S^  (i—  1)  lO  the  values  cd' 
A  ^ven  foi  tnpeioidi  of  one  to  one  in  Fan  3, 


£2 


SECTIONAL  DATA. 


[TABLE  ▼•   PAST  3 


Part  ^.-^Ditnensions  of  eqttal'dtscharging 


Mean  Widths 

Mean  Widths 

100        90 

80 

70 

60 

60 

50 

40 

30 

20 

Corresponding 

depths 

Cbrrespondmg  depths 

1         1-074 

1*164 

1-276 

i*4Q8 

1 

I-I35 

1-324 

I '625 

2-198 

1*6     I -612 

1*748 

I -919 

2-135 

1'S 

1*704 

1-998 

2-466 

3-385 

2       2-151 

2*333 

2-564 

2*862 

2 

2*275 

2-674 

3-320 

4*621 

2*6     2-689 

2*921 

3*211 

3-591 

2-5 

2*850 

3-359 

4-196 

5-910 

3       3230 

3*5" 

3-864 

4-327 

3 

3-425 

4-050 

5-088 

7-250 

3'5    3771 

4-102 

4*521 

5-066 

3-5 

4*003 

4-744 

5-993 

8-638 

4       4-312 

4*695 

5*179 

5-814 

4 

4-581 

5*445 

6-912 

10-07 

4-5     4*854 

5*289 

5*838 

6*567 

4*5 

5*162 

6-154 

7847 

11-54 

6       5*391 

5*884 

6*503 

7*322 

6 

5-746 

6-868 

8-795 

1305 

6-5     5*935 

6-481 

7-169 

8-087 

5'5 

6*331 

7-585 

9753 

14-60 

6       6483 

7-079 

7*840 

8-854 

6 

6-917 

8-306 

10-73 

16*19 

frS     7*026 

7-678 

8-512 

9*624 

6*5 

7-504 

9*034 

11-72 

17-81 

7       7570 

8278 

9-184 

10-40 

7 

8-092 

9-766 

12-72 

19-46 

7'6     8-1 15 

8-880 

9*86i 

11-18 

7'5 

8-682 

10-50 

13-73 

21-15 

8       8-661 

9486 

10-54 

11-97 

8 

9-274 

11-24 

14-75 

22*87 

9       9754 

10-69 

11*91 

13-56 

8-5 

9-866 

11-98 

1578 

24-61 

10     10-85 

1 1 -91 

13*29 

15-16 

9 

10-46 

12-73 

16-82 

26-38 

11      I I  94 

13-13 

14-67 

16-78 

9-5 

11-06 

13-49 

17-87 

28-18 

12     13-04 

14-35 

16-07 

18-41 

10 

11-66 

14-24 

18-93 

30-00 

TABLE  V.  PARTS]  SECTIONAL  DATA. 
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Sections  of  Flow  in  Canals  and  Channeh. 


Mean  Widths 

Mean  Widths 

20 

18 

16 

14 

12 

12 

10 

8 

6 

4 

Corresponding  depths 

Corresponding  depths 

1 

1-079 

1-177 

1-301 

1-465 

1 

1*149 

1*374 

1*759 

2-610 

1'5 

1-623 

1-776 

1-972 

2-237 

1-25 

1-442 

1*734 

2-244 

3*399 

2 

2*170 

2382 

2-657 

3*031 

1-5 

1*737 

2-100 

2-751 

4-230 

2-5 

2718 

2 '993 

3*354 

3*847 

175 

2-033 

2*473 

3-266 

5-106 

3 

3*270 

3'6ii 

4-061 

4-683 

2 

2*331 

2849 

3*787 

6-000 

3-5 

3-822 

4-232 

4*777 

5*536 

2-25 

2-630 

3230 

4325 

6-931 

4 

4*377 

4-860 

5-502 

6-404 

2-5 

2-931 

3*615 

4*875 

7-888 

4'5 

4*933 

5*491 

6-237 

7-286 

2-75 

3*233 

4004 

5*431 

8-857 

5 

5-492 

6-126 

6-979 

8-179 

3 

3*537 

4*397 

6-000 

9-869 

5-5 

6051 

6763 

7*724 

9*084 

3'5 

4*147 

5-192 

7158 

"•93 

6 

6'6i2 

7-404 

8-475 

10- 

4 

4-761 

6-000 

8*345 

14-05 

6'6 

7173 

8-047 

9*234 

10-93 

4'6 

5-379 

6-817 

9-550 

16-22 

7 

7*737 

8-695 

9-998 

11-86 

6 

6-000 

7*644 

10-78 

18-44 

75 

8-301 

9'345 

10-77 

12-80 

5-6 

6-624 

8478 

12-03 

20-69 

8 

8-867 

9*999 

11-54 

13*75 

6 

7*250 

9*318 

13*29 

22-98 

8-5 

9*433 

10-65 

12-32 

14-70 

6'5 

7-878 

10-17 

14-56 

25-29 

9 

9.999 

11-31 

13*10 

15-67 

7 

8-508 

11-02 

15-85 

27-64 

9-5 

10-57 

11-97 

1388 

16-64 

7'5 

9*139 

11-87 

17-14 

2995 

10 

ii'i3 

12-63 

14-70 

17-62 

8 

9773 

12-74 

18-44 

32*37 

54 


SECTIONAL  DATA. 


[TABLE  y.   PART  3 


Part  3  (cont). — Dimensions  of  eqaal-discharging 


\ 


Depths  op  Water 


1-5 


2-6 


3 


Corresponding  mean-widths 

100    55-32     36-85  27-13     21-55 

90    4988     33-30  24-59     19-58 

80    44*44     29-75  22-04     1 7 '61 

70    38-99     26-20  19-48     15*63 

60    33*54     22-65  ^6-92     13-63 

50    28-08     19*80  14-34     11-62 

40    22-62     15-47  11-73 
30    17-14     11-87 
8*22 


Depths  of  Water 


8        8*6 


4 


4-5 


20    11*64 


9-X0 
6-41 


9*58 
7-50 

5*35 


Depths  of  Water 

1      1*26        1*6          1-76  2 

Corresponding  mean-widths 

20     14-75      '^'64       9*^2  8-22 

18    13-31     10-53      8*73  7-48 

16    11*87      9'42      7*83  6-73 

14    10-43      8*31       6*93  598 

12      8*98      7-19      6-02  5-22 

10      7*53      6*07      5-12  4-45 

8      608      4-93      4*i8  3-66 

6      4*62      3*79      3*24  2-85 

4      3*13      2-6i       2-26  2- 


Corresponding  mean-widths 

100  80-37  66-77  56*90  49-48 

90  72*44  60*25  51*42  44-78 

80  64-48  5372  4593  40-08 

70  5652  47-19  40-44  35-36 

60  48-56  40-65  34-92  30-62 

50  40-60  34*10  29-39  25-86 

40  32-62  27-52  23-86  21-06 

30  24-63  20-91  18-30  i6'i8 

20  16-62  14*24  12-52  11*21 


Depths  of  Water 
2      a*26        2-6        2*76 


8 


Corresponding  mean-widths 

20    17-19     15-01     13-44     12-15 
18    15-50     13-56     12-17     1 1 -02 


16    13*81     i2-ti     10-89 
14    12-12     10-66      9-60 

9*20 


12  10*42 

10  8-72 

8  7-01 

6  529 

4  3  57 


773 
6-24 

474 
3-22 


8-31 
7-00 
5-68 

4'34 
2-96 


9-86 
8-73 

6-40 

5*21 

4*00 
2-75 


TABLB  V.   PART  3] 


SECTIONAL  DATA. 
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Sections  of  Flow  in  Canals  and  Channels, 


Depths  of 

Water 

Defi'hs  of 

Water 

6         6 

7 

7-6 

8 

8 

9 

10 

U 

12 

Corresponding  mean-widthi 

100    77-90    63-57     58-20 

53-67 

100 

Corresponding  meaiJk-Mridthj 
85*59      74*78      66-42 

1 
59-82 

90    70-27 

57-47 

52-68 

48*63 

90 

77-18 

67*56 

60-11 

54-21 

80    62-63 

51-36 

41-15 

43-58 

80 

68-75 

6028 

53*74 

48-56 

70    54-98 

45-23 

41-58 

38-50 

70 

60-31 

53-00 

47-36 

4290 

60    4732 

39-07 

35-99 

33-39 

60 

51-87 

4571 

40*96 

37-20 

50    3963 

32-90 

30-37 

2823 

50 

43-38 

3840 

34-53 

31-45 

40    31-91 

26-66 

24-67 

23-00 

40 

34-87 

31  01 

28*04 

25-59 

30    24-17 

20*37 

18-94 

1772 

30 

26*34 

23-57 

21-49 

19-66 

20    16-36 

13-95 

13-03 

12*25 

20 

17-73 

1600 

14-63 

13-51 

Depths  of 

Water 

Depths  of 

Water 

8       8*6 

4 

4*5 

» 

6 

6 

7 

7-6 

8 

Corresponding  mean-widths 
20      16*62       14*24      12-52      11*21 

20 

Corresponding  mean-widths 
16*36      1395      13-03      12*25 

18    15*00 

12*89 

11-36 

10-19 

18 

14-78 

12*65 

11*83 

11*13 

16    13-37 

"•53 

10*19 

9-16 

16 

13*19 

11-33 

10 '6 1 

10*00 

14    11*75 

10*17 

9*01 

8-13 

14 

11*59 

10-00 

9-38 

8*86 

12    10*12 

8*79 

7-82 

7-07 

12 

9.99 

8-65 

8-13 

7*68 

10     8*48 

7*41 

6-6i 

6*00 

10 

8-39 

7-29 

6-87 

6-50 

8     683 

5  99 

5*37 

4-89 

8 

6-78 

5-90 

5-57 

5*28 

6     5-17 

4-57 

4*12 

3-77 

6 

5*11 

4*50 

4-26 

4*04 

4      3-48 

1 

3-II 

2-82 

2*59 

4 

3*44 

3-05 

2-89 

2-76 

SECTIONAL  DATA. 


Part  4. — SecHonai  Areas  (A)  in  square  fea  ami 

CVLINDRICAI.  CDLVEKTS  AND   PIPES. 


Diimcier 

T-o-^.. 

full. 

Oni-ihbd  full. 

^ 

K 

^ 

^ 

^ 

^ 

3  inches 

otugi 

0-0347 

0-073 

0-OI43 

0-046 

4      „ 

0-0872 

0-0833 

a-0618 

0-097 

0-0254 

o-o6» 

B      .. 

0-1963 

0-12S 

0-1390 

0-145 

0-0573 

0-093 

B      ., 

03490 

0-I666 

0-3472 

0-194 

or34 

3      ., 

0-4418 

0-.87S 

0-3.28 

0-218 

or  289 

0-140 

10     „ 

0.54S4 

0-2083 

0-3807 

0-J43 

0-1J92 

o'SS 

Feet 

V 

07854 

0-25 

0-SS6! 

0-2OI 

0-2293 

0-1S6 

1-56 

\11^x 

0-3125 

0-8565 

0-364 

0-3581 

0-233 

I'S 

1 7671 

0-37S 

1-2514 

0-436 

0-5157 

0-380 

175 

a-4053 

0-4375 

16409 

0-509 

070.9 

0-326 

t 

3-.4.6 

OS 

3-2348 

0-582 

0-9.68 

0-371 

?26 

3'976o 

0-5625 

=  -8157 

0-6S5 

.-.C09 

0-419 

th 

49087 

0-625 

3-4262 

0-728 

'-43'S 

0465 

tn 

5 '9395 

0-6875 

4-2062 

o-Soo 

17133 

0-5.3 

%■ 

7-0686 

0-7S 

5-0058 

0-S73 

3-062S 

0-SS9 

3'!S 

S-I9S7 

0-8125 

5 -8747 

0996 

3-4209 

0-605 

3'6 

9-6211 

0-87S 

65635 

.019 

3-8077 

0-652 

3'7S 

n-04S 

o;9375 

7-8»s 

1-092 

3-1230 

069s 

*■ 

.2-566 

B-8993 

1-164 

36673 

0-744 

4'6 

'$■904 

I -125 

.1-263 

1-310 

4-6437 

0-838  1 

S- 

1 9 '635 

I -25 

13-905 

1-45S 

5-7300 

0-9^1  1 

6>6 

2J75S 

'■37S 

ta-S25 

1-601 

6-9333 

.  O-M 

6- 

a8-i74 

•5 

20-013 

1747 

82512 

1-117 

65 

33 '33 

r-625 

23499 

1-992 

9-6837 

V 

38-485 

'75 

27 -2=4 

2-038 

11-331 

'-303 

7-6 

44- '79 

1875 

3.-2S6 

2-.S3 

13-892 

.-396 

8- 

;o-265 

35-597 

a-319 

14-669 

1-490 

B-S 

S674S 

2-I2S 

40-iSs 

2'47S 

.6-560 

.-583 

8- 

63-6J7 

*-2S 

4S-OSJ 

z-6ia 

.8-565 

.■t.76 

B6 

70-882 

3 '3  75 

So-197 

2765 

30-685 

.■769 

10- 

78-540 

2-5 

55620 

3-911 

33-920 

.-sS 

The  values  of  ^  for  cylindrical  cuWeits  halffult  ue  the  n 
for  full  cylindrical  culverts  of  the  same  diameter. 


SECTIONAL  DATA. 


Hydraidk  Radii  (R)  in  Fett,  for  Culverts  and  Pipes. 
hawksley's  ovoid  culvebt. 


Truii^rru! 

F 

,L 

Tw..„i, 

Lb  full. 

'Jn.,-lhir 

full. 

^ 

n 

^ 

X 

^ 

H 

r  V 

0-995S 

0-2766 

0-6714 

0310 

02569 

0-I9S 

V    2" 

1-3550 

0-3127 

0-9138 

0-362 

0-3496 

0-331 

y  4" 

17697 

0-3688 

1-1936 

0-413 

0-4566 

0-264 

1'  r 

1-2434 

0-4149 

.■5.06 

O-46S 

05780 

0297 

1'   8" 

27653 

0-4610 

rS6;o 

0-5.7 

0-7:36 

0330 

r  w 

3-3457 

0-5071 

2-2506 

0-568 

0-8637 

0363 

2-  0- 

3-9S10 

o'55i2 

2-6S56 

0620 

1-0276 

0-396 

j,  2" 

4-67=8 

o-5y93 

3- '434 

0-672 

1-2050 

0-429 

2-   4" 

S-4'99 

0-6454 

3-6554 

0-723 

'■398S 

0-463 

J,    g. 

6'22.9 

0-691S 

4-1962 

0-775 

1-6034 

0-495 

2-  8" 

7 '0790 

0-7376 

47744 

0-826 

1  -8265 

0-538 

2-  10" 

7-S9^ 

°7837 

5-3754 

o-8jg 

2-0606 

o-ifi, 

y  0" 

8-9695 

o-S»9S 

6-0426 

0-930 

2-3121 

0-594 

y  r 

9-98*3 

0-8759 

6-7324 

2-5760 

0-637 

3-   V 

.:-o6i 

0-9220 

7-4600 

1-033 

3-8544 

o-6wj 

3-  r 

:fi9S 

o-geSi 

8-3342 

1-085 

3-1464 

0-693 

y  ff' 

U383 

1-0142 

9-0024 

1-136 

3-450S 

0-726 

3' ID" 

14-628 

1-0603 

9-S657 

i-iSS 

37749 

0-759 

*'   0~ 

15-938 

1-1064 

10-742 

1-240 

4-1104 

0-793 

4'  r 

■  7'282 

1-1535 

11-656 

1291 

0-835 

4'  r 

18-691 

1-1^6 

12-574 

1-343 

4-8300 

0-8  58 

4-    G" 

20-l8l 

1-2447 

13-595 

1-395 

5 -3020 

0-S91 

4'    8" 

zi'6So 

1-2908 

,4-623 

1-446 

5-5942 

0-924 

r  ID- 

i3*S3 

1-3369 

15-683 

■-498 

6'ooo6 

0-957 

S'   0" 

14 -887 

1-3830 

I6-J8S 

1550 

6-4225 

0-990 

S-    7- 

26-567 

1-4291 

17-918 

I-601 

6-8560 

1-023 

a   4" 

28-316 

1-4752 

19-098 

1-653 

7-3063 

1-056 

S-   6- 

JO-MI 

1-5213 

20-355 

1-705 

7-7643 

1-089 

S-   8" 

31-563 

1-5674 

21 -502 

1-756 

8-3424 

6'  10" 

33-871 

1-6135 

22844 

1-808 

8-7407 

i-iSS 

<S   0" 

35-838 

1-6596 

84-170 

1-859 

9-2484 

i-iS§ 

The  long  diameter>  I  'I939  1 


diuneter  in  Hawksley's  Oioid. 
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SECTIONAL  DATA. 


[TABLE  ▼.    PART  4 


Part  4  {cont\ — Sectional  Areas  (A)  in  square  feet 

PHILLIPS*   METROPOLITAN  OVOID. 


Full. 

Two-thirds  fuU. 

One-third  fblL 

Dimensions 

A 

R 

A 

R 

A 

R 

1'    0"x1'  e" 

1-1485 

0-290 

07558 

0-316 

0-2840 

0-207 

1'     T  X  Y  9'' 

1-5632 

0*338 

I  -0287 

0-368 

03865 

0*241 

1'  rxz  0" 

2*0418 

0386 

1*3436 

0-421 

05049 

0-276 

Y    6"x2'  r 

2-5841 

0*434 

17005 

0-474 

0-6390 

0-310 

Y    rx?  6" 

31903 

0*483 

2-0994 

0-526 

0*7889 

0-344 

r  10"x2'  9" 

3-8(>o2 

0-531 

2-5402 

0-579 

o'954S 

0-379 

?  (T'xy  cr 

4-5940 

0*579 

3*0232 

0-631 

1-1360 

0-413 

7    Z'xy  3" 

5-3916 

0*628 

3*5480 

0*684 

I  3332 

0448 

z  rxy  6" 

6*2529 

0*676 

4II49 

0737 

1*5462 

0-482 

z  rxy  9" 

7I78I 

0*724 

4*7237 

0789 

I  7750 

0-517 

Z    8"  x  4'  0" 

8*1671 

0*773 

5*3746 

0-842 

2-0195 

0-541 

z  io''x4'r 

92199 

0*821 

6-0674 

0-894 

2-2799 

0-585 

y    0"x4'  8" 

10*336 

0*869 

6 '8022 

0-947 

2-5560 
2*8479 

0-620 

3*    Z'x4'  9" 

11*517 

0*917 

7*5790 

I- 

0-654 

3'    4''x5'  0" 

12*761 

0*966 

8-3978 

IX)52 

3*1556 

0*689 

y    6"x5'  3" 

14*069 

I -014 

9-2585 

I -105 

3*4790 

0*723 

y    8"x5'  6" 

15-410 

1*062 

10-161 

I  158 

3*8182 

0758 

3^  10"x5'  9" 

16-877 

nil 

11-106 

1-210 

4*1732 

0-792 

4'    0"x6'  0" 

18-376 

1*159 

12-093 

1-263 

4*5440 

0*826 

4'    Z'xG'  3" 

19*939 

1-207 

13*122 

»*3i5. 

4*9306 

0-86I 

4'    4''xe'  6" 

21*566 

I  255 

14*192 

I  368' 

53329 

0-895 

4'    8"x6'  9" 

23257 

1-304 

15*305 

1*421 

575»o 

0-930 

4'    S''  X  7'  0" 

25-012 

1*352 

16-460 

1*473 

6*1849 

0*964 

4'  10"  X  7'  r 

26830 

1-400 

17-656 

1-526 

6*6346 

0-999 

5'    0"  X  r  8" 

28*713 

1*449 

18-895 

1*579 

7-1000 

1033 

5'    TxT  9" 

30*665 

1*467 

20-176 

1-631 

7*5812 

ix)68 

fi'    4"x8'  0" 

32*668 

1*545 

21*498 

1*684 

8*0782 

I-X02 

fi'    6"  x  8'  3" 

34742 

1*593 

22  863 

1*736 

8-5910 

1-136 

fi'    8"x8'e" 

36*880 

I  642 

24-270 

1*789 

9-1196 

1-171 

fi'  ICxS'  9" 

39*o8i 

1-690 

25-718 

1-842 

9-6639 

I -20c 

e'  (y'xy  o" 

41*346 

1*738 

27-209 

1-694 

10*224 

1*240 

TABLE  V.   PART  4] 


SECTIONAL  DATA. 
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and  Hydraulic  Radii  (R)  in  feet^  for  Culverts, 

JACKSON'S   PEGTOP  SECTION. 


DimenMons 

Full 

Two-thirds  full 

One-third  full 

A 

R 

A 

R 

A 

R 

r  r  X 1'  6" 

I  -0385 

0-268 

0*6458 

0-280 

0*2422 

0*190 

1'  2"  X  V  9" 

1-4136 

0-312 

0*8790 

0-326 

0-3296 

0*222 

1'  4"x2'0" 

I  -8463 

0357 

1*1482 

0373 

04305 

0*254 

r  6"x2'3" 

2-3367 

0*402 

I  4531 

0-420 

0*5448 

0*286 

1'  8"x2'e" 

28848 

0-447 

1*7929 

0466 

0  6504 

o-3'7 

r  10"  X  2'  9" 

3-4906 

0*492 

2*1152 

0*513 

0-8134 

0349 

?  0"x3'0" 

4-1542 

0*536 

25834 

0*560 

0-9686 

0-381 

H  2"x3'3" 

4-8735 

0*580 

30317 

0606 

I  1355 

i-3»86 

0*412 

2'  rx^e" 

5-6542 

0*624 

3-5162 

0*653 

0*444 

2'  er'xS'B" 

64909 

0669 

4*0340 

0-699 

1*5134 

0*476 

2'  8"x4'0" 

7-3851 

0-714 

45928 

0*746 

17220 

0*508 

ZIO'xA'S" 

8-3371 

0-759 

5*1843 

0793 

I  -9425 

0*539 

S'  0^x4' 6" 

9*3469 

0803 

5-8126 
6*4776 

0-839 

2-1794 

0-571 

3'  rx4'9" 

10*414 

0*848 

0-886 

2-4265 

0-603 

3'  4"x5'0" 

"•539 

0*893 

7*1716 

0933 

2-6oi6 

0-634 

3'  e"x5'3" 

12722 

0-937 

79115 

0979 

2-9668 

0-666 

3'  8"x5'6^ 

13*963 

0-982 

8-4608 

I  026 

3*2536 

0698 

3'10"x5'9'' 

15*261 

1*027 

94922 

1-072 

3*5558 

0-730 

4'  O^xB'O" 

16-617 

I -071 

10-334 

1*119 

38744 

0-761 

4'  2^x6' 3" 

1 8  030 

1*115 

11-215 

I -165 

4'20II 

0793 

4'  4''x6'(r 

19*501 

i*i6o 

12*127 

I-2I2 

4*5420 

0825 

4'  6"x6'9" 

21*030 

1-205 

13*078 

1-259 

49032 

0856 

4'  8"x7'0' 

22*617 

1*249 

14-065 

1*305 

5*2744 

0*888 

4'10^xr3^ 

24*261 

1*294 

15091 

1*352 

5  6529 

0*920 

5'  0"x7'6" 

25*964 

'-339 

16-136 

1*399 

60538 

0-952 

6'  2"xr9" 

27-723 

1-384 

17-244 

1*445 

6-4595 

0*983 

5'  4"x8'0" 

29540 

1*428 

18-371 

1*492 

6-8440 

I -01 5 

5'  6"x8'3" 

31-416 

1-472 

19537 

1*539 

7*3206 

1-047 

5'  8^x3' 6" 

33348 

I  517 

20-737 

1*585 

77700 

1-078 

•      5'  10"  X  S'  9" 

35*339 

1*562 

21-981 

1*632 

8*2340 

I -1 10 

^    (^'x^O" 

37*388 

I  607 

23-250 

1*679 

87175 

1*142 

.11 


I 


Table  VI.— HYDRAULIC  SLOPES  AND  GRADIENTS. 

Part  I.  Reduction  of  hydraulic  slopes  and  inclinations. 
Part  2.  Reduction  of  angular  declivities  and  gradients. 
Part  3.     Limiting  Inclinations,  Maximum  Gradients,  Angles  of  Repose. 
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HYDRAULIC  SLOPES       fTABUt  Ti.  fakt  I 


Part  i. — Reduction  of  hydraulic  slopes. 


Sptr 
tbouaand 

One  in 

Feet  per 
mile 

5"  per 
thousand 

One  in 

Feet  per 
mOe 

0-01 

lOOOOO 

0*0528 

1' 

1000 

5-28 

0-02 

Soooo 

0*1056 

1*25 

800 

6*60 

0-03 

33  333 

0*1584 

1*5 

666 

7-92 

0-04 

25  000 

0*2112 

1-75 

571 

9*24 

0-06 

20000 

0*2640 

2* 

500 

10-56 

0-06 

16666 

0-3168 

225 

444 

11-88 

0-07 

14286 

0*3696 

2'5 

400 

13-20 

0-08 

12  500 

0-4224 

2-75 

364 

l4Sa 

0-09 

II  III 

0*4752 

3- 

333 

15*84 

3*25 

308 

16*66 

0-1 

10  000 

0:528 

3*5 

286 

18-48 

0-15 

6666 

0*792 

3-75 

266 

19*80 

0-2 

5  000 

1*056 

4' 

250 

21*12 

0-25 

4000 

1*320 

4-25 

235 

22-44 

0-3 

3  333 

1*584 

4*5 

222 

2376 

0-35 

2857 

1*848 

4*75 

210 

25-08 

0-4 

2  500 

2*112 

5* 

200 

26-40 

0'45 

2  222 

2*376 

0-5 

2000 

2*640 

8 

167 

3168 

7 

143 

36-96 

0-55 

I  818 

2-904 

8 

125 

42-25 

0-6 

1  666 

3*168 

A 

J  ■  — ••' 

9 

III 

47  52 

0*65 

1538 

3332 

0-7 

1429 

3-696 

10 

100 

52*80 

0-75 

1333 

3960 

20 

SO 

105-6 

0*8 

I  250 

4*224 

30 

33 

158*4 

OSS 

I  176 

4488 

40 

25 

2II-2 

(W 

I  III 

4752 

50 

20 

264  X> 

0-95 

1053 

5*oi6 

AND   GRADIENTS. 


Part  i  {continued). 


.,„. 

th^i!^ 

"isr 

Ouln 

J  per 

FMper 

mile 

100  000 

o-oioo 

0-0528 

luau 

,. 

5 -280 

90  000 

O-OIII 

0-0587 

900 

IIII 

5  866 

80  000 

0-0II5 

0-0660 

800 

1-350 

6-6 

70  000 

O-0I43 

0-O754 

700 

.■428 

7-54 

60  0OO 

00167 

0-0S80 

600 

1-666 

8-8 

60  000 

o-oaoo 

0 

1056 

600 

3- 

10-56 

40  000 

o-oajo 

0 

1310 

4O0 

2-5 

13 -» 

30  DOG 

0-O333 

0 

1760 

300 

3-333 

17-60 

20  GOO 

0-0500 

° 

2640 

200 

s- 

26-40 

10  000 

,0 

■oco 

0 

5180 

ao 

5^63 

37-78 

9S00 

0 

'OS3 

0 

5557 

IBO 

s-sss 

^■33 

a  000 

0 

iiii 

0 

5866 

170 

5-882 

31-05 

3SO0 

0 

"77 

0 

fan 

160 

6-aso 

33- 

8  000 

0 

1150 

0 

6600 

160 

6667 

35 -w 

7500 

0 

'333 

0 

7040 

140 

7-143 

37-71 

7  000 

0 

I4z8 

0 

7S43 

130 

7-692 

40-60 

6  600 

0 

'S39 

0 

81  i3 

120 

8-333 

44- 

SOOO 

0 

1666 

o-SScxi 

no 

9-091 

48- 

6500 

0 

1818 

0-9600 

100 

lo- 

5»-8o 

5  000 

0 

i 

<t)56o 

90 

58-66 

4500 

0 

222Z 

i'733 

BO 

irs 

66- 

4  000 

0 

as 

1  J20O 

70 

14286 

75-42 

3  800 

0 

2856 

1-S086 

EO 

16667 

88- 

3  000 

0 

3333 

17600 

60 

20- 

ios-6 

2500 

0 

iII20 

40 

25- 

132- 

2  000 

0 

S 

z-6400 

30 

33-333 

176- 

1500 

06666 

3S30O 

HYDRAVUC  SLSPES        [tab 
Part  a, — Reduction  of  gradientt. 


Sii" 

,^™ 

Angle  in 

RBluQion 

1= 

57 -=9 

.0002 

2r 

2  61 

IO7II 

4 

38  "9 

100 -cj 

22 

2-48 

107-85 

2 

zS'64 

ICO -06 

23 

236 

108-64 

2i 

2290 

lOOlO 

24 

3  25 

109-46 

190S 

100  14 

26 

2   .5 

1  10-34 

3i 

'6-35 

10019 

2G 

2 -OS 

III'26 

1430 

IOO-24 

27 

1-96 

11223 

*4 

IZ7I 

100-31 

28 

1-8S 

Ii3-a6 

11-43 

ioo-38 

29 

1-80 

•  •4 -34 

6( 

1039 

100-46 

30 

'73 

"S-47 

95. 

1005s 

31 

1'66 

11666 

6i 

878 

100*5 

32 

160 

11792 

8-,4 

ID075 

33 

1-54 

119*4        1 

71 

7-60 

100  86 

34 

'-4S 

1 20-62 

8 

7-ia 

10098 

35 

'-43 

1M08 

81 

6-69 

lol-ii 

36 

■■3S 

123  61 

9 

6-31 

101-15 

37 

i'33 

12521 

9! 

S-gS 

101  -39 

38 

I-JS 

126-90 

39 

1-24 

128-63 

to 

5-67 

'01-54 

i 

11 

S'lS 

101 -S? 

40 

1-19 

130-54       ' 

12 

47' 

101-23 

HI 

'■'5 

■3-5'       I 

13 

4-33 

loa-63 

42 

I'll 

134-56       i 

14 

4-OI 

103-06 

43 

:-o7 

136-73       1 

15 

373 

10353 

44 

I  04 

139-01       J 

16 

3 '49 

104  OJ 

45 

1- 

Ur* 

17 

y^i 

104-57 

IB 

3-oS 

.03-15 

50 

0-84 

iSi* 

19 

190 

10576 

55 

070 

1743 

20 

2  75 

,06 '42 

60 

0's3 

2O0' 

TABLE  VI,    P4«T  1]        AND   GRADIENTS. 
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.=rlia.l 

homooml 

vei  Ileal 
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0=34- 

100-01 

S-& 

6°    1' 

"00-55 
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0    57 

100-01 

9- 

6      3D 

I0O-6I 

65 

loo-oa 

8-5 

6    43 

100-69 

50 

"      9 

lOOOI 

* 

7      8 

.00-78 

« 

I     16 

loo^a 

7-5 

7    36 

100  88 

40 

I     36 

100-03 

7- 

8      8 

10: -01 

3S 

I    36 

100-04 

&75 

S    26 

101-09 

m 

'    SS 

rooo6 

&5 

S    4S 

IOI-17 

29 

I     j8 

■0006 

&2S 

9      S 

101-27 

28 

100-06 

6- 

9    28 

101-38 

27 

I      7 

10007 

6-75 

9    Sa 

101-50 

26 

2     IZ 

100-07 

6-S 

10    iS 

10164 

25 

I    17 

loo-oS 

5-25 

"o    45 

101-78 

2< 

a    13 

100-09 

fr 

11    19 

101-99 

23 

2     29 

100-09 

4-75 

"    S3 

102-19 

22 

a    36 

tOO'IO 

4-5 

12    32 

102-44 

21 

a    44 

loo-ii 

4-26 

"3    14 

102-73 

20 

a    S3 

loo-ia 

4- 

14      2 

103-08 

3- 75 

14    56 

103-50 

19 

3      ' 

10014 

3'S 

"5    57 

104-00 

13 

3    •■ 

100-15 

3-25 

17      6 

104-62 

17 

3    ai 

100-17 

3- 

IS    26 

10541 

16 

3    3S 

loo-io 

2-7B 

19    59 

106-41 

IB 

3    49 

looaa 

2-5 

11    48 

10770 

« 

4      S 

loo-is 

2-25 

^3    58 

10943 

13 

4    *4 

10030 

2- 

a6    34 

111-80 

12 

4    46 

100-34 

1-76 

»»    45 

1.5-18 

11 

5    " 

100-41 

1-5 

33    41 

120-17 

10 

S    43 

loo-so 

1-26 
1- 

38    40 

4S      0 

128-08 
141-4 
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HYDRA  UUC  SLOPES,     [tablb  tl  vakt  3 


Part  3. —  Various  Shfes  and  Gradients. 

ORDINARY  UMITS  OP  INCLINATION   IN  CHANNRLS. 

Rcdpracal  of  slope 

I  in  500  000    Least  canal  slope  to  produce  motioo. 

j?    '^  ^1  Limits  of  tidal  DaTigationfoflaigccanals. 

!^    ^5  °°^\FaUofmost  deltaic  or  inundatioo 
I  in      5  000  / 


I  m 
I  in 
I  in 
I  in 
I  in 

I  VtL 

lin 
lin 


I  Fan  of  most  canals. 


6o()0 
2  000 

?  ™  ?  Fall  of  smaller  canals*  dMonels. 
I  oooj 

^  ?^  1  Fall  ol  most  rivers. 
500  J 

^S^lFalloftoirents. 

VARIOUS  GRADIENTS. 

For  sewenge  unaided  by  flushing. 
250    Seweis  and  mains  | 
50    Pipes  and  drains    \  minima  usoaL 
25     House  drains         J 
600I 

I  limits  for  sewers  generally. 


im 
I  in 
I  in 
I  in 
to 
lin 


MAXIMUM  GRADIENTS. 

I  in  50  Ordinary  rail¥ray& 

I  in  30  Turnpike  rood. 

1  in  20  Public  road. 

1  in  16  Private  road. 

I  in   8  For  wheeled  vehicles. 

1  in    4  Beasts  of  burden. 

I  in    1}  Hill- walking. 


ANGLES  OP  REK36S. 
i  to  I  to  I  to  I     Chalk  ;  dry  cfay- 
1    to  I 


{Compact    eaith, 
dry  set,  rubble. 
{Grav^    shingle, 
dry  sand. 
{Average     mixed 
earth,  dry. 
{Vegetable  eaith, 
dry. 
Sand»  dry. 
3    to  I  to  4  to  I     Wet  clay,  peat 

N.B. — Wetted  soil  requires  a  less  slope  than  dry  soil  generally. 


i^tol 

ijto  I 

If  to  I 
2    to  I 


2    to  I 


VARIOUS  SLOPES. 

Minimum  for  slated  and  tiled  roofis. 


2I  to  I     Maximum  for  back  slopes  of  rammed  earthen  dams. 
I  to  I    Maximum  for  breast  slopes  of  rammed  earthen  daoto. 


a 


Tablk  VIL— canals  AND   CHANNELS. 

Approximate  velocities  of  discharge  for  canals,  channels,  and 
straight  regular  reaches  of  rivers,  for  various  hydraulic  mean 
radii  (R)  and  slopes  (S)  according  to  the  formula — 

V^ex\(M{R.S)^  when  o^l. 

Part  I.  When  the  hydraulic  slope  is  represented  by  a  ratio  in  the 
old  form  of  a  faX\  of  unity  in  a  certain  length. 

Part  2.  When  the  hydraulic  slope  is  represented  by  iS^  the  sine  of  the 
slope  ;  and  8  per  looo  is  the  fall  in  looo  feet. 

Part  3.  Conditions  and  dimensions  of  equal-discharging  channels  of 
trapezoidal  section,  with  side  slopes  of  i  to  one,  under  a  coefficient  of 
rugosity  f»>- 0*025. 

N,B,—Yoi  the  use  of  co-efficients  {e)  and  (n),  see  Table  XIL 
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Part  i.- 

Valuti  efthe  exprtsmn  100  ^/ItS. 

R 

Ya  hydtauUc  ilopei  of  one  in 

inlccl 

1000  |aooo  |3ooo  ]4ooo  [sooo  |eooo  |7ooo  JBOOO  |booo[  10  ooo 

■OS 
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■s 

■409 

■353 

-316 

-289 

■»67 

-25 

136 

-114 

■1 

■707 

-577 

■s 

■447 

-408 

■378 

-3S3 

m 

■316 

■15 

•866 

■707 

■612 

•547 

■5 

■463 

■433 

■387 

■20 

414 

■816 

-707 

-632 

■577 

■534 

■5 

-471 

■477 

■25 

58. 

i-iiS 

■9' 3 

-790 

-707 

-645 

■597 

559 

■527 

5 

■3 

73* 

I-2JS 

■999 

-866 

■775 

-706 

-6S5 

■612 

■577 

■548 

■35 

871 

•■3*3 

1-801 

•935 

-«37 

■764 

-707 

•66t 

■6*4 

-592 

■4 

1-414 

1-154 

■S94 

-816 

-756 

■707 

■666 

-63a 

<45 

I -500 

1-224 

ro6o 

■949 

■865 

■803 

■750 

■707 

■6?I 

■5 

1-236 

.■58. 

1-290 

I-I18 

'' 

■912 

■845 

-790 

745 

■707 

■55 

'■345 

■■65S  I '354 

1  172 

1-049 

■957 

-SS6 

■829 

■782 

■74* 

■6 

J  449 

1-73'  "*4i4 

K095 

■026 

■866 

■816 

775 

■65 

i'550 

1-803  I -471 

1-375 

1-140 

1-041 

-964 

■901 

■850 

-806 

■7 

2 '646 

i-S7r  1-11% 

1323 

I-.83 

[-0S0 

■9j5 

-883 

■837 

•76 

2-739 

.-936  '-sa. 

1-369 

■■225 

1-118 

'■035 

■968 

-913 

-866 

■8 

2-8a8 

2-        1-6,3 

I -414 

r265 

1-155 

.■069 

■943 

-894 

2  9>S 

j-o63;i-683 

"■457 

1-304 

1-190 

1-031 

;972 

■922 

■9 

3' 

1-121  i-73a 

'S 

■  ■34* 

1-225 

1-132 

1-060 

■949 

■95 

3^82 

3^i79)i-779 

1*541 

.■378 

1-ZS7 

T-164 

1-089 

1-027 

■975 

Mrtj 

3^i6a 

2-J36ii'826 

.58. 

1-414 

1-283 

1-195 

iiiS 

1-054 

1-1 

3-3'7 

2  345! '-915 

,•658 

'-483 

f;3S4 

'■254 

1-172 

1106 

I-049 

1^2 

3-464 

2-449  2- 

173s 

1-549 

I-3I0 

12*4 

■  ;"5S 

1-09S 

jjso  2-082 

■  ■803 

I'6t2 

1-472 

■■363 

1-275 

H 

374Z 

2 '6461-160 

t-871 

'-673 

1-527 

1-323 

1-247 

Wti 

\h 

3;873 

2^739  k'*36 

1-936 

1-732 

1-581 

r-464 

.■366 

'■I9I 

1-225 

1-6 

2-8282-309 

.-789 

\&\ 

1-511 

1-414 

1-333 

.■265 

\-l 

4'"3 

J-9ISIJ-3W 

2-o6( 

1-B44 

'■358 

1-457 

1-374 

1-304 

1-8 

4-143 

3' 

i-449 

1-897 

1-731 

.■604 

'■5 

1-414 

"•342 

1'9 

4-359 

3-082 

a-5'7 

1179 

1-949 

1-779 

■  648 

'■54' 

■■453 

1-378 

2- 

4-47« 

i-i62 

2 -582 

2-236 

.■S25 

1691 

rSSi 

.-461 

1-414 

2-1 

4-583 

3-240 

1-646 

2-291 

2-<M9 

T-S71 

1-732 

1610 

1-528 

I '449 

2-2 

4-690 

3-317 

2^7o7 

*-345 

1-098 

1-914 

I  ■773 

1-658 

1-563 

1483 

2'3 

4-796 

3-391 

2-769 

*-39i 

*-'4S 

1-958 

i-8i» 

1-695 

r-S99 

1-517 

2-4 

4899 

3-464 

1828 

2-449 

1-191 

1-999 

1-852 

I  ■73a 

'-633 

>S49 

2'5 

5- 

3-536|a-8S6 

2-5 

2V36 

2-040 

1-SS9 

1-768 

1-666 

.581 

2-S 

5-099 

3  606  2-943 

2-549 

2-380 

2-081 

1-927 

rSo3 

1-699 

1-612 

2'7 

S-'96 

3-67413 

«-S98 

J -324 

■  ■964 

1-837 

1-732 

1-643 

28 

S'29* 

3 -742  3-055 

2«46 

2-366 

1-160 

.■87' 

1-764 

1-673 

2-9 

5-3SS 

3-8c8  3-109 

2692 

2-408 

2.98 

2-035 

I  904 

1-795 

1-703 

3- 

S'477 

V87.  .V.63 

liiL 

2:236. 

2^070 

1:936] 

I  826 

'■73* 
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Part  i  {continued). 
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2-490 

2-273 

W'^i 

i-96B 

.-S56 

1-761 

3-2 

5-657 

4- 
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I'SzS 

2-530 

2-309 

1-886 

1789 

3'3 

5745 

4  06a 

3-317 

2872 
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2-345 
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i-8i4 

3'S 

5-916 
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2236 
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6- 
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3- 
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2- 

1-897 

37 
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2720 
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Part  I 

J„ 

Foi  hydraulic  tlopu  a\  one  in 

1000     ^000  {  3000  1 1000     BOOO  |  6000  |  7000  |8OOo|9OOO{lO0C0 
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3- 
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4'933 
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3-239 

J -oil 

.■848 

2701 

7'4 

8 -602 
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4966 

4-301 

3847 

3-5" 

3-252 

3-041 

1-867 

2720 

7'6 

8-660 

6-134 

s- 

4330 

3873 

3-535 

3-173 

3062 

2-887 

2739 

7'B 

8718 

6-164 

5-033 

:is; 

3899 

3-558 

3-296 

3-082 

2-906 

2757 

77 

8775 

6-205 

5066 

3-924 

3-58^ 

3-317 

J -102 

2-925 

*77S 

78 

8-83. 

6-J4S 

5^099 

4-416 

3-950 

3-605 

3-339 

3-122 

*-«4 

2-793 

7-9 

8-8S8 

6-2SS 

S'3it 

4-444 

3T>75 

3-62S 

3 -360 

3-142 

1-963 

2-3ll 

B- 

«944 

63^5 

S->63 

4-47' 

3-650 

3-380 

3-162 

2-981 

»«IJ 

B'l 

9- 

6-364 

5-196 

45 

4025 

3-674 
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3-i8a 

3' 

2-846 

8-2 

9  OSS 

6403 

5-M9 

4-517 

4-050 

3-697 

3-423 

3-201 

3-018 

'U^ 

8-3 

9  110 

6-442 

5 -161 

4-sss 

4-074 

3719 

3-443 

j-«i 

3-037 

2881 

8'4 

9  i^S 

6-481 

5-291 

4-582 

4-099 

3-741 

3-464 

3-240 

3-055 

»-S9i 

as 

9  1-0 

6-519 

53»' 

4-6>o 

4123 

3763 

3-48S 

3-259 

3-073 

2-91, 

m 

•i-2U 

G-SS? 

5  354 

4-637 

4-147 

3-785 

3-505 

3-278 

3-091 

'-933 

87 

9 '327 

6-595 

5-385 

4-663 

4-171 

3-807 

3-S'S 

3-297 

3  109 

2-950 

B'8 

93S. 

6633 

5-4.6 

4-6^ 

4"9S 

3-829 

3-545 

3-316 

3 -"7 

2-966 

S'g 

9  434 

6-671 

S'447 

4-717 

4-219 

3-851 

3-566 

3-335 

3 -'45 

2-983 

9' 
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6  70S 
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3  354 

3-162 

3- 
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3-685 

3-446 

3-*49 

3-OS2 

9-6 

6-928 

5-658 

4-S99 

4-3S2 

3-704 

3-464 

3-260 

l^ 

9-7 

9-849 

6 '964 

5-686 

4-914 

4-405 

4-020 

3723 

3482 

3-883 

3-114 

9'8 

9 '899 

T 

5-714 

4  949 

4-427 

4-039 

3741 

35 

3299 

3  130 

9-9 

9-950 

7-036 

5-745 

4-975 

4-450 

4-060 

3761 

3518 

3-317 

3-146 

10 

7t)7l 

5-773 

5- 

4-472 

4-0S2 

3-778 

3535 

3-333 

3162 

IS 

12-247 

8-66o 

7070 

6-123 

5-477 

4-998 

4629 

4-330 

4-082 

3-873 

20 

\y\H2. 

S'.6S 

7-071 

(1-325 

5773 

5-346 

5- 

4714 

4  472 

IS 

15-8U 

9;is8 

7-905 

7-071 

6-453 

5-975 

5 -590 
6-123 

S-a7o 

5- 

30 

17-32L 

^47 

8 -660 

7-74fi 

7-070 

6546 

S-773 

5-477 

35 

1 8 -708 

"3 

229 

10-801 

9 -354 

8-367 

7-636 

7-071 

6-614 

^il! 

5-916 

40 

"-S45 

8-944 

S-I62 

7-559 

7-071 

6-666 

|:^ 

4S 

21-213 

15 

12-247 

10-606 

9-487 

8-659 

8-017 

7-5 

7-071 

SO 

M-36I 

'i 

811 

12-910 

ii-lBo 

9-127 

8-456 

7-905 

7454 

7-071 

BO 

24 '495 

7 

3J1 

[2-14J 

10-954 

9-258 

8 -660 

S-165 

7Wi 

70 

26-458 

8708 

15-275 

13229 

■  .-832 

10-799 

9-354 

8-819 

8367 

For  inie  Telocilia,  ■ppl]'  Ihe  correcl  vaIuc  of  0.     See  Table  XIL 


TABLK  V1L  PAKT  a]  ■  CANALS  AND  CHANNELS. 


Part  3.~Values of  tht Expression  laaj^. 


For  viluo 

ot5p«-lhou,^r.dof 

[nf«t 

6'0      1     4-5 

40 

3-6 

3-0 

2-6 

2-0 

Appra.^m 

a.=  .,lodU. 

»ofdi>clwgek(«. 

«™nd 

!■ 

7-07I 

6708 

6-335 

5-916 

5-476 

s- 

4-472 

m 

7-906 

7-5 

7-071 

6-614 

6-123 

6 -708 

5;59o 

s- 

1'6 

8-660 

8-»i6 

7-746 

7-246 

S-477 

17fi 

9-354 

8-874 

8367 

7-826 

7-246 

6-614 

5-916 

2' 

9-487 

8-944 

8-367 

7-746 

7071 

tU 

2'2S 

io-6o6 

10-062 

9-487 

8-874 

8-216 

7 '5 

2-5 

il-iSo 

10606 

9-354 

8-660 

7-906 

7-071 

275 

11726 

11-1*4 

!o-488 

9'8ia 

9-083 

8-291 

7-416 

3' 

11-347 

11-619 

10-954 

10-247 

9-4S7 

8-660 

7-746 

3'2S 

12-747 

13  093 

10665 

9874 

9-014 

8-062 

3-6 

13-229 

13-550 

I! -8^3 

11-068 

10-247 

9-354 

8367 

375 

13-697 

12-990 

J.  248 

11-456 

io-6il 

9-682 

8-660 

4' 

1414a 

13-416 

11-8J3 

IO-9S4 

8-944 

4'2S 

14*577 

13 -Sag 

13-038 

12196 

11-292 

.0-308 

9-220 

t'i 

15' 

14-230 

13416 

12550 

ir6i9 

10606 

9487 

476 

15411 

14620 

13784 

12-894 

11 -937 

10-B97 

9747 

S' 

isBii 

15- 

14-142 

13-239 

12-247 

11-180 

5'25 

16-301 

IS -375 

14492 

'3-SSS 

12-550 

11-456 

10-246 

S'S 

16-583 

iS-73a 

14-831 

13874 

12-845 

11-736 

10-488 

576 

16-956 

16-086 

.5-166 

14-186 

13134 

..■989 

10-724 

& 

1 7-3*  I 

16-432 

1549s 

14-491 

13-416 

13-347 

10-954 

^6 

18-038 

17-103 

16124 

15083 

"3964 

12-747 

11-402 

7' 

18-708 

17-748 

16-734 

15-653 

14  49' 

13-339 

11-832 

7-S 

19-365 

18-37 1 

17-320 

16-302 

IS- 

13-697 

12-247 

3- 

30- 

18-974 

17SSS 

16-733 

17-248 

IS -49» 

14142 

13*49 

B-5 

10-616 

'9;ss8 

18-440 

15-969 

"4-577 

13 -038 

9- 

ii-aij 

19-974 

17748 

16-433 

15- 

13-416 

10- 

«-36i 

31-213 

30' 

18-70S 

17 -3!  1 

lS-811 

14-143 

II' 

M-4S» 

21-249 

20-976 

19-631 

18166 

16-583 

14-833 

12- 

*4  495 

33-238 

21-908 

20-494 

18-974 

17-3*1 

15-493 

I3' 

=5 '494 

34187 

23-804 

21-331 

19748 

18-028 

l6-12d 

14- 

.6-458 

25-roO 

33-664 

33136 

30-494 

18-708 

16734 

IS- 

37-394 

3S-981 

34-495 

32-913 

21-113 

19-365 

17-330 

Ifr 

18-2S4 

36-833 

35-398 

33664 

31-909 

.7-888 

20- 

31-613 

30- 

38-384 

36-458 

a4-495 

33-361 

20- 

CANALS  AND   CHANNELS,     [table  Vii.    patt  1 


Part  i  {eonl.).— 

Values 

/the  ExfrtsoM 

R 

¥orvituMD-fS'iJertliou»»ndof 

IC 

1-0    )   09S 

060 

0»6 

OBO 

<M6 

Apim..i.uai.  -dociu 

«u(diid^S.ini™ 

PB«»nd 

!■ 

3 '873 

3'i6a 

3-0S2 

3- 

2-915 

a-8iS 

2-738 

1-25 

4-330 

3*536 

3-446 

3-354 

3-259 

3-.62 

3-062 

VS 

4743 

3-873 

377S 

3-674 

3-57' 

3464 

3 -354 

17& 

S'^l 

4  183 

4-077 

3-969 

3-857 

3-74* 

3-613 

2- 

S-476 

4-471 

4-359 

4243 

4- 1*3 

JS 

3'25 

5 -809 

4743 

4-623 

45 

4-373 

4-343 

2S 

6-.  23 

5- 

4-873 

4-743 

4-6.0 

4-472 

4-330 

2' 75 

6'4«3 

5-^4 

5-111 

4  975 

4-835 

*'':^ 

4-54* 

3- 

670S 

5 -477 

5 -339 

5-196 

5-050 

4-S9S 

4743 

32S 

e-gSi 

S-7'>i 

5-556 

5-40S 

S-256 

5-098 

4-937 

3'S 

7-146 

5-9.6 

5-766 

5-6.2 

5-454 

5-292 

S-"3 

3-7S 

7-S 

6-124 

5 -969 

5-809 

5-646 

5-477 

5 -303 

4' 

7746 

6-3'S 

6-164 

6- 

5-831 

5657 

5-476 

m 

7-9«4 

6-S.9 

6-354 

6-185 

6-0.0 

S-S30 

5-646 

«'5 

8116 

6-70S 

6-538 

6-3<;4 

6.85 

6- 

5-S09 

47u 

8-441 

6-8gi 

6-7>8 

6-538 

6354 

6164 

5-969 

S' 

8-660 

7-071 

6-892 

6-70S 

6-519 

6-3JS 

6-123 

5'2a 

8-874 

7246 

7-oOJ 

6-874 

6-6Sa 

6'4Sa 

6-275 

5'S 

9'oS3 

;'4i6 

7-223 

7-036 

6-827 

6-633 

6-jg2 

6-413 

5-75 

9-2S7 

7-583 

7-39" 

7-194 

6-991 

6-567 

& 

9-487 

7-746 

7 '550 

7-343 

7-141 

6-9a8 

6708 

ts 

9-S74 

8-062 

7 '858 

7-649 

7-433 

7 -ait 

6-982 

?■ 

10-247 

K-367 

B-'SS 

7-937 

7-714 

7-484 

7-246 

7'S 

10-611 

8-660 

8-441 

S'2i6 

7-984 

7-746 

7-5      \ 

» 

10-954 

8-944 

8-7.S 

S-48S 

8246 

8- 

7-746 

8-5 

n-2y2 

9-220 

S-986 

S-746 

8-SOo 

8-246 

7-984 

9- 

n'6:9 

9-4«7 

9-147 

9- 

8-746 

8-486 

8-2.6 

10- 

ia-247 

10- 

9747 

9-487 

9'2^o 

8-944 

8-660 

IV 

12-845 

10-488 

10-223 

9-950 

9;67o 

9-38. 

9-083 

12- 

13-416 

IO-954 

lo-6(.7 

iO'392 

9-797 

9-4«7 

13' 

13-964 

11-l'J 

10817 

.0-512 

.0-.98 

0-874 

M' 

14-491 

"-832 

11 -533 

.1-225 

.0909 

10583 

10-247 

IS' 

15- 

li-247 

11-918 

11-6.9 

. .  292 

10-954 

10-6II 

Ifr 

15-49' 

12-649 

12-329 

I. -062 

11-314 

IO-9S4 

SO 

17-3" 

14-141 

13-784 

.3-416 

.3-038 

11-650 

12-247 

TABI.B  vd.  PA»T  a]      CANALS  AND  CHANNELS. 


100%/ RS,  suitable  to  Canals  and  Channels. 


,.?„, 

Fw^luc' 

of-S-pwih 

„„„.„r 

o-.o 

o-es 

0-60 

065 

O'SO 

0-4B 

040 

Appr...ln: 

«vtl^,ik 

ofdi^^hi 

Seinr«lp. 

aifCDnd 

!■ 

2-646 

2550 

2-449 

2-345 

2-236 

I'!5 

»-9SS 

2-850 

2-739 

1-622 

2-5 

2-372 

s-2:6 

VS 

3-340 

3-122 

3- 

2-S72 

2-739 

2598 

a -449 

1-7S 
2- 

3-500 

3742 

3  37» 
3006 

3-240 
3-464 

IT. 

3958 

3-102 

2-8o6 
3" 

2-6^6 
2-8^8 

MS 

3-q&9 

3 -824 

3-674 

3-518 

3-3S4 

3-'82 

3- 

3-5 

4-.S3 

4'OJi 

3;873 

3-708 

3-536 

3-J54 

3-16. 

Z'/S 

4-387 

4-228 

3*89 

3  70S 

3-5IS 

3-317 

3' 

4583 

4-416 

4-243 

4062 

3-S73 

3-67-1 

3-464 

3'2S 

4-770 

4-596 

4-4J6 

4031 

3-814 

i-606 

3'5 

4-950 

4-769 

4-583 

t-387 

4-'»3 

3-919 

3-742 

3-75 

5i!3 

4-937 

4-743 

4-54" 

4-330 

4-108 

3-S73 

4> 

5391 

S-099 

4-899 

4690 

4-472 

4-243 

4- 

*25 

5-«4 

5-256 

5-050 

4-i'35 

4-373 

4-124 

H 

5612 

5 -408 

5-196 

4  975 

4-743 

4-5 

4-243 

475 

5-766 

5-557 

5  339 

5111 

4-8J3 

4623 

4-358 

S' 

5-9'6 

5-701 

S-477 

5-244 

5- 

4743 

4-47* 

5'!5 

6-o6i 

S-fc42 

S-6.2 

S-374 

5-123 

4861 

4-S'2 

5-5 

620s 

5;979 

5-744 

5-500 

5-»44 

4-975 

4-690 

5-7S 

fi-344 

5-S74 

5-624 

5-362 

5  Ob? 

4-796 

e- 

6-481 

6-245 

6- 

S-745 

5-477 

5-196 

4898 

6-5 

6-745 

6-5 

6-J45 

5-979 

5-701 

5408 

5-098 

7' 

7- 

6-745 

6-4B0 

6-205 

5 -9' 6 

5-612 

5-292 

75 

7-246 

6-982 

6-708 

6-423 

6-124 

5-809 

5-477 

B' 

7-483 

7-211 

6-928 

6-633 

6-325 

5-657 

8-S 

7-714 

7-433 

7-141 

6S37 

65.9 

6- 18s 

5-830 

9- 

7-937 

7-649 

7-348 

7-036 

6-70S 

6-364 

6- 

10- 

8-367 

8-062 

7-746 

7-416 

7-071 

670B 

6-3*5 

IV 

s-7;s 

8-456 

8-'86 

7-778 

7-416 

7-036 

6633 

1? 

1C165 

8832 

Itfi 

8-124 

7-746 

7-348 

6-928 

13- 

9-539 

9-192 

8-456 

8-062 

7-649 

7-211 

M- 

9S99 

9-539 

9-165 

8-775 

8-367 

7-937 

7-484 

15' 

IO-J47 

9-874 

9 -486 

9-083 

8-660 

8-216 

7-746 

1& 

10-5^3 

10-.9S 

9-798 

9-381 

8-944 

8-485 

8- 

20- 

..■83a 

11-402 

10 -954 

10-488 

10. 

9-487 

8-944 

For  ifue  i-elodlUa,  apply  ihe  conect  value  of  u.     See  Table  XII. 
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Part  2  {antintu^. — Values  of  the  Expression  loo^/K£ 


FoinUuH 

^s^^ 

.«^.r 

0-35 

0  90 

0» 

0^0 

0-10 

010 

o-os 

Appioxim 

uevtlotit 

nofdiKh. 

•V  w  lt=. 

crKcond 

!■ 

i-8;i 

1-732 

i-SSi 

1-414 

1-335 

0-707 

m 

3-09I 

1-936 

1-767 

I-S81 

1-369 

I'm8 

0-790 

I'S 

a-»9: 

1-936 

i-?32 

1-5 

12*5 

0-S66 

V7B 

3'475 

2-29: 

J -092 

1871 

I -620 

1-323 

0-93S 

!■ 

2646 

2  ■449 

a -336 

1-732 

1-414 

2'26 

2S06 

2-598 

2-371 

1-837 

'5 

1-060 

?6 

a -958 

2-739 

z-S 

2236 

'-9J6 

1-581 

i-itS 

2-lh 

3' 103 

2>B73 

2-622 

*-345 

*;o3> 

.658 

1-173 

3' 

3*40 

3- 

2-739 

a -449 

1-732 

1-225 

3'26 

3  373 

3-:22 

2-850 

2-549 

1-S03 

1-275 

3'S 

yi 

3-J40 

2-9S8 

2-646 

2-291 

1-87. 

1-323 

37S 

3623 

3-354 

3-o6a 

2-738 

2-371 

■1-937 

1-369 

4- 

3-742 

3-464 

3-102 

2-828 

2-449 

1-414 

t-2h 

3-857 

3-57" 

3-259 

2-915 

2 -062 

1-458 

4-S 

3-969 

3-674 

3-354 

3- 

'■5 

175 

4-077 

3-775 

3446 

3-082 

2-179 

1-541 

t' 

4-183 

3-873 

3-536 

3-16* 

2-739 

3-236 

1-581 

6'25 

4287 

3-969 

3-623 

3-241 

2-S06 

.-620 

6'5 

4387 

4 '062 

3-708 

3-317 

2-873 

=  -34S 

1-658 

6' 75 

4-486 

4-'53 

3-791 

3-391 

a-937 

2-39S 

1-696 

6' 

4-583 

4-^43 

3-873 

3-464 

3- 

»-449 

"732 

B'S 

4-770 

4'4i6 

4031 

3-606 

3-122 

a-549 

i-Soj 

^ 

4-950 

4-583 

4-1S3 

3-742 

3-140 

2-646 

1-871 

7'5 

5'"3 

4-743 

4-330 

3-874 

3-354 

3-738 

•■937 

B' 

j-jgi 

4-899 

4-472 

4" 

3-4f'4 

2-828 

B'5 

5  454 

5-050 

4-6.0 

4124 

3-571 

2-915 

z-062 

9- 

ybii 

5-196 

4-743 

4-343 

3-674 

3- 

2-121 

10' 

S'9l6 

5-477 

s- 

4-473 

3-873 

3-162 

a  136 

!!■ 

6205 

5 -744 

5-244 

f^ 

4-062 

3-317 

3-345 

n- 

6481 

6- 

5  477 

4-898 

■'^^■'1 

3-464 

3-449 

13' 

6-745 

6-245 

5-701 

S-098 

3-606 

2-549 

14- 

7- 

6-4S0 

5-916 

5-292 

4-583 

3-742 

3-646 

15- 

7246 

670H 

6-124 

5  477 

4-743 

3B73 

3-738 

\Z- 

7-483 

6'938 

6-325 

5-657 

4-899 

4- 

2-828 

m 

8-367 

7746 

7-071 

6-3*5 

5-477 

4-473 

3-162 

Foi  tioe  velocities,  apply  tbe  o 


:t  value  of  e.    See  Table  Xtl. 


TABLE  vii.  PART  3]  CANALS  AND  CHANNELS. 


75 


Part  3. — Conditions  of  equal  discharging  channels^  with  law  mean  velocities 
suited  to  earthy  for  Trapezoidal  Sections  having  side-slopes  of  one  to  one^ 
the  channel  being  in  earthy  and  in  good  average  order^  with  a  co-efficient 
of  rugosity  and  irregularity y  n =0*025. 


8 


9 


^  is  the  quantity  discharged  ;   F,  the  mean  velocity  in  feet  per  second  ;  iS^per  I  000 
is  the  fall  in  i  coo ;  h  is  the  bed -width  ;  d  is  the  depth  of  water  in  feet. 


000 


000 


000 


000 


d      . 

5^  per  1 
V     . 

'h 
d      . 

S  per  I 

w   . 


000 


000 


000 


000 


10 
10 
0-26 
0-50 

15 
i*o 

0-47 

080 

1*5 

2'0 
0*09 

o*43 

2" 
075 

373 
I  94 

2* 
I* 

1*91 
1-67 

2' 
I' 

272 
2* 

2* 
1-25 

172 

2* 

I  25 
2*04 

1-97 


i-o 

0*05 
0-27 

IS 
IS 

O'll 

0-44 


2*  2* 

075  I* 

2*06  069 

I  -46  I  • 


2' 
I' 
1*24 

1*33 

2' 

1*5 

0*40 

0-95 

2' 

IS 

058 

1-48 
2' 

1-5 
076 

1*33 

2' 
2' 
032 

i*o 


I'S      1*5 

I'S 

2- 

2*           2' 

3- 

3- 

0-5      i*o 

I'S 

05        075       I- 

05      075 

1-90    0*13 

0*04 

1*04      0-26      0-09 

0-48    0*13 

I  "oo    0*40 

0*22 

o'8o    0-49    0-33 

057    0-36 

2*           2* 

2'          2' 

3'        3*        3* 

4' 

05        07s 

I  •           I  25 

o'5      075    1- 

!• 

374    092 

0-33      015 

I '9      0'/\/\    0-17 

O'lO 

I  -60    0*97 

0-67 

049 

1-14    071 

050 

0*40 

2' 

1*25 
0-52 
099 

2' 

2' 

0*14 

063 

2' 
2' 

018 
075 

2* 
2* 

0-25 

0-88 

3- 
I* 

2-35 


2- 

1-25 
0-31 
074 

2' 

175 
0*15 

o*6i 


2* 

I'S 
o-i6 
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Part  3  (continued), 

Q  is  the  quantity  discharged  ;   V,  the  mean  velocity  in  feet  per  second 
is  the  fall  in  i  000 ;  6  is  the  bed-width ;  d  is  the  depth  of 
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Part  3  {continued). 

the  quantity  discharged  ;  F;  the  mean  velocity  in  feet  per  second  ;  5peri  000 
is  the  fall  in  I  000 ;  Ms  the  bed-width  ;  <{  b  the  depth  of  water  in  feet. 
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Part  3  {continued), 

the  quantity  dischargerl ;  F,  the  mexm  velocity  in  feet  per  second  ;  ^per  I  o 
is  the  fall  in  i  000  ;  6  is  the  bed-width ;  d  is  the  depth  of  water  in  feet 
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These  numbers  serve  for  purposes  of  interpolation,  but  for  accuracy  in  any  sptad 
ca^c  more  figures  should  be  used  in  the  values  of  S, 
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EXPLANATORY  EXAMPLES  TO  TABLE  VIL 

Example  L 

An  old  canal  has  a  bydmulic  radius  of  5*2  feet,  a  hydraulic  slope  oi 
I  in  5000  and  a  cross  section  of  1000  square  feet,  required  the  discharge, 
assuming  a  co-efficient  of  rugosity  of  '03. 

By  Part  i  of  Table  VIL  the  unmodified  mean  velocity  of  discharge  = 
3*225  feet  per  second,  and  by  Table  XIL  the  value  of  c  the  co-efficient 
suitable  to  this  radius  and  slope  is  '66,  hence  the  true  discharge  => 
cxAx  F=  '66  X  1 000  X  3*225  =  2 128  cubic  feet  per  second. 

Example  IL 

Su])pose  the  canal  mentioned  in  the  last  example  to  have  a  hydraulic 
slope  of  'CO 1 5,  the  remaining  data  being  as  before,  required  the  discharge. 

In  this  case  the  fall  per  1 000  is   i  5,  and  by  interpolating  Part  2  of 
Table  VII.  to  the  hydraulic  radius,  5*2  feet,  an  unmodified  mean  velocity 
of  discharge  8-83  feet  per  second  is  obtained.     Taking  the  suitable  co- 
efficient c  from  Table  XIL,  the  true  discharge  3^0  y  ^  x  V»^  '65  x  i  cxx>  x 
8*83  =  5  740  cubic  feet  per  second. 

Example  IIL 

A  canal  in  earth  is  of  trapezoidal  section  with  side  slopes  of  i  to  one, 
its  bed-width  is  40  feet,  its  depth  of  water  5  feet ;  it  is  to  discharge 
500  cubic  feet  per  second,  when  in  moderate  average  order,  with  a  co- 
efficient of  rugosity  9100*025.     What  hydraulic  slope  must  it  have  ? 

By  Part  3,  Table  VIL,  the  hydraulic  slope  is  o  00020,  or  0*20  per  1000. 

Example  IV. 

What  will  be  the  discharge  and  the  mean  velocity  in  the  canal 
mentioned  in  the  last  example,  when  it  has  deteriorated  to  a  condition 
when  «  a  0*030? 

By  sectional  data.  Part  2,  Table  V.,  page  45,  ^^225,  and  i2«-4'i55 ; 
i9  remains  0*20  per  1000.     Also  from  Part  2,  Table  VIL,  we  interpolate 

to  obtain  100  ^/JiS-^  2*88 ;  from  Table  XII.  we  obtain,  when  n« 0*030  for 
given  values  of  R  and  5,  c-o*63  ;  hence  F«o-63  x  2*88 «*  i  '814  feel  per 
second,  and  $-  I  '814  x  225  »  408  cubic  feet  per  second. 

For  tables  of  velocity  and  discharge  in  canals  under  various  values  of 
f%  see  *  Canal  and  Culvert  Tables'  (London:  Allen,  1878). 

c  c  2 
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Tablr  VIII.— pipes  and  CULVERTS,  JUST  FULL. 
Part  I.    Approximate  velocities  in  feet  per  second,  when  c=i,  formula— 

Part  2.    Approximate  discharges  in  cubic  feet  per  second,   when  c-l, 
formula — 

Q-A  .  e,  lOo  Ju5»c  .  39-27 \^d^. 
Part  3.    Approximate  diameters  in  feet,  when  o-i^  formula — 


''-J'"°-»3(f)* 


Part  4.    Approximate  heads  in  feet  for  a  length  of  i  000  feet,  when  c^i, 
formula — 

Part  5.    Conditions  of  equal -discharging  culverts  and  drain-pipes,  running 
just  full,  under  a  co-efficient  of  rugosity  nc:0*oi3. 

Note. — For  correct  results,  apply  values  of  0  from  Table  XII.  in 
Parts  I,  2,  3,  and  4. 

For  the  use  of  co-efiicients  (r)  and  (n)  see  Table  XII. 
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PIPES  AND   CULVERTS.        [w 


Part  i. — Approximate  vehatia 
or,  Valya  oftht  ExprtttieK 


R 

s 

in(w 

30 

IB 

17 

IS 

15 

14 

13 

0-05 

3':6^ 

3- 

2-9  IS 

2-828 

2-738 

2-648 

a-S49 

0-10 

4 -47' 

4243 

4-123 

"*  „  » 

3-B73 

3-742 

3-6C6 

l>15 

S'477 

5-196 

5-050 

4-898 

4  743 

4-583 

4-416 

020 

6-335 

6- 

5 '831 

5656 

5-476 

S-292 

5-099 

0-26 

7-071 

6-708 

6-519 

^:^^l 

t;3 

5-9^6 

5-701 

O-ffl 

7-746 

7'34S 

7'4i 

6-481 

6-J4J 

[>35 

8-367 

7 '937 

77'3 

7-484 

7-246 

7- 

6-74! 

0'40 

8-944 

8-485 

8-246 

8- 

7-746 

7483 

7-211 

(H5 

9487 

9' 

8746 

S-486 

8-216 

7937 

7-647 

OM 

9-487 

9-210 

S-944 

s-660 

8-367 

8062 

0'6 

■f>'9S4 

10-392 

lOTOO 

9-;97 

9-487 

9-165 

8-S32 

0-? 

11832 

11-215 

10-909 

10-583 

10-147 

9-S99 

9-539 

08 

11-649 

11-662 

n-3'4 

10-954 

■0583 

.0.9S 

0-9 

13-410 

12-728 

.2-369 

..-619 

11  225 

.0-S17 

1'0 

i4-:4i 

13-416 

I3'03S 

"649 

12-247 

1.-832 

M 

14-832 

14-071 

13-675 

13366 

1184s 

12-410 

■  1  958 

n 

'S-49a 

14-697 

14-263 

13-856 

13-416 

iz-961 

12-490 

1'3 

.6-125 

■  5-J97 

i4-h66 

14422 

■3-964 

'3-49' 

'3- 

1'4 

16733 

>  5-875 

"5 '427 

14-967 

.4-491 

14- 

■3-49' 

1'5 

17-32' 

16-432 

15-969 

15-492 

■5- 

U-491 

■3-964 

re 

17-889 

16-971 

16-492 

15-492 

14-967 

14422 

1-7 

i8'439 

ir'493 

W 

16-492 

15-969 

IS -427 

■4  866 

18-974 

iS- 

17-493 

16971 

■  6-412 

■5-S7S 

15-294 

19-494 

■8 '493 

.7-972 

17-436 

i6-33z 

.6-3.0 

IS-;.-. 

!'0 

18-974 

■8-439 

.7 -889 

17-321 

■6-733 

.6-125 

2'I 
2-2 

23 

n 

2'5 

2'6 

27 

2'9 

3'0 

n.  velocitj,  apply  the 
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infettper  second, 

VM'J'SA,  stulable  to  Culverts  and  Pipes. 


^ 

P.,.h„,. 

^ 

fa[«el 

13 

u 

10 

e 

8 

7 

6 

0-05 

3'4« 

"-34S 

3-236 

i-iii 

2- 

1-87. 

■-73* 

0-10 

3 '4^4 

3;3I7 

3 -'62 

3' 

2-648 

J  449 

0-15 

4-143 

3-873 

3-674 

3-464 

3-240 

3- 

0-20 

4-8y9 

4-690 

4 -47* 

4-243 

3-742 

3-464 

&25 

5-477 

S-244 

5- 

4743 

4-472 

4 -'83 

3-873 

0-30 

6- 

5745 

S'477 

S-J96 

4-.-.gS 

4-583 

4-243 

fr35 

6-480 

S-916 

5-012 

5 -'9' 

4-950 

4-583 

(MO 

6-918 

6633 

6-3^5 

5-656 

S-2.J2 

4-S99 

(M5 

7-348 

7't>35 

6-708 

6-364 

5-612 

5-'9(i 

D'&O 

7746 

7-416 

7-07' 

6-708 

6-325 

5-916 

5-477 

m 

a -486 

8-114 

7-746 

7-348 

6-928 

6-481 

6- 

0-7 

910S 

8-775 

8-367 

7-937 

7-484 

7- 

6-480 

frB 

9-798 

9381 

8-944 

8-485 

8- 

7-483 

6928 

0-9 

10-392 

9-950 

9-487 

9- 

S-4F6 

7-937 

7-348 

to 

10954 

10-488 

9-487 

8-944 

S-J67 

7-746 

M-4S9 

to -488 

9-950 

9-381 

8-775 

8124 

1-2 

1,-489 

10-954 

10-392 

9-165 

8-486 

l'3 

I J -49° 

1.-958 

11-401 

.0-8(7 

9539 

8-832 

(■t 

12-961 

ii-4Io 

■1-832 

11-225 

9 -599 

9-165 

t'5 

13416 

11  845 

iz-347 

..6.9 

10-954 

IO-I47 

9-487 

l'6 

13-856 

i3-a66 

12-649 

..■314 

10-583 

9-?y8 

17 

>4-2«3 

.3-675 

■3-038 

I»-l69 

11-662 

10-909 

1'8 

14-697 

14-071 

13-416 

12  7*8 

..-225 

10-392 

I'9 

iS-'co 

I4-4S7 

■3784 

■3-077 

12-329 

'■■533 

10-677 

2-0 

15492 

14  832 

14-142 

.3-4.6 

[3050 

II-8i2 

10-954 

2'1 

15-875 

'S-'M 

14-491 

■3748 

.2-961 

11124 

11-225 

22 

16-148 

■5-556 

U-i'l^ 

14071 

.3-266 

..■489 

tz 

16-613 

15-906 

iS-166 

11-387 

13-565 

■2-689 

.1-747 

2-4 

16-971 

16-248 

15-491 

14-197 

.3-856 

12-96. 

2-S 

17-321 

16-583 

T5-8I1 

■5' 

14-142 

13-219 

12  ■147 

2'G 

17-664 

16-912 

16-135 

15-297 

14-42J 

'3-491 

11-490 

2-7 

iS- 

"7  ■134 

16-432 

.5-588 

14-097 

'3748 

li-6»5 

2-8 

18-330 

17-550 

■6-733 

■5-875 

14-967 

11-961 

2-9 

18-653 

17-861 

17-029 

I6-.55 

iS-=32 

14-248 

13191 

3'0 

18-974 

18-166 

■7-3*1 

.6-43* 

■5-492 

14-491 

13-416 

tuiuble  value  of  0  from  Table  XII. 


P/PES  AND  CULVERTS.         [taux  viii.  »*«■  i 


Part  i  {fot^mme^ — A 


^ 

s 

p^i™«, 

""^ 

6 

4-5 

4- 

3-» 

«■ 

a-s 

«- 

0-05 

i-sB; 

i'S 

1-414 

"334 

I -335 

II  iS 

,. 

O'lO 

»'J36 

1-871 

1-733 

1-58. 

1-414 

0-1S 

3-73'' 

3598 

3-449 

3-291 

1-936 

•733 

l>20 

316J 

3' 

3 '828 

3648 

3-449 

3336 

026 

3  536 

3  35* 

3-162 

a  958 

3-739 

«-5 

a^36 

0-30 

3  873 

3  ■674 

3464 

3-140 

3- 

3739 

3-449 

0-35 

4»S3 

3-963 

374* 

3S 

3-340 

a-9s8 

>-6^ 

0'« 

4-47* 

4a43 

4- 

3-743 

3464 

3-163 

3-8iS 

0-4S 

4743 

4S 

4-343 

3-969 

3-674 

3-354 

3- 

O'SO 

5- 

4743 

4-473 

4-183 

3S73 

3536 

3-163 

0-6 

S'477 

5-196 

4898 

4-583 

4;343 

3-873 

3464 

fr7 

5  916 

5'6ii 

S-J93 

4-950 

4-183 

3-743 

O'S 

6-3*5 

6- 

5-656 

5393 

4-473 

4- 

0-9 

6708 

6364 

6- 

5-6.2 

4  743 

4-343 

1-0 

7  ■071 

670S 

6-335 

5-916 

S-477 

5- 

4-473 

!■! 

7-416 

7-036 

6  ■631 

630S 

5-744 

5-*44 

4-690 

1-2 

7-746 

7-348 

6-938 

6-48. 

6- 

S-477 

4-898 

8-061 

7-649 

7-jii 

6-745 

6-345 

S70I 

5-^ 

1-4 

8-367 

7-937 

7-484 

T 

6-480 

S-9'6 

5-393 

1-5 

8660 

8-316 

7-746 

7-246 

6708 

6-133 

5-477 

V6 

8-944 

8-485 

7-483 

6938 

6-335 

5-656 

17 

9'iio 

8-746 

g'346 

7-714 

7141 

65.9 

5-831 

1-B 

9 '487 

9- 

8-486 

7-937 

7-348 

6-708 

6- 

1'9 

9747 

9-247 

S7.8 

8-155 

7-550 

6-89J 

6164 

2'D 

9-487 

8-944 

8-367 

7-746 

7071 

6-335 

2-1 

10 '347 

9771 

9-165 

8-631 

7-937 

7-346 

6-481 

tt 

10-48S 

9-950 

9-381 

8-775 

S-(34 

7-416 

%% 

!'3 

10-734 

10174 

9-593 

8-973 

8-307 

7583 

2'4 

IO-9S4 

10-393 

9-797 

9165 

8-486 

7746 

6^38 

!'S 

iriSo 

10606 

9-354 

8660 

7-905 

7-071 

?6 

1 1  40) 

10-817 

10-198 

9'S39 

8-833 

8-063 

7-311 

27 

n6.9 

M«3 

10-393 

9-670 

9- 

S-316 

;-348 

2-8 

11833 

11335 

10-S8J 

9-899 

9-16S 

8367 

7-484 

2-9 

11-434 

.0770 

10-075 

9  3^7 

8-5 '5 

7-616 

S'O 

13-247 

.1-619 

■0-9S4 

10-34; 

9-487 

8-660 

7746 

N.E — Foi  cancel  velocity,  apfdj  the 
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velocitus  in  fat  per  ie^nd, 

I  oo  V  KS,  su^able  to  Ctdvetis  and  J'ipes. 


^ 

s^^.^.. 

COS 

1-6 

^- 

0-SB 

090 

OBB 

090 

0-76 

0-S66 

0-707 

0-689 

0-67. 

0651 

0632 

0-611 

010 

1-22S 

0-97S 

0-949 

0-921 

0-894 

0866 

0-lfi 

■  s 

1225 

I -193 

116: 

1-129 

1-09S 

020 

I73J 

1414 

1-378 

1-342 

•  ■304 

1-165 

1-115 

0'2S 

1-936 

1-581 

1-541 

i-S 

'■457 

1-414 

1-369 

0'30 

1-731 

1-688 

1-643 

1-591 

1-549 

::iio 

035 

a'igi 

1-871 

1823 

1-775 

1-735 

■■673 

0-40 

2-449 

1-949 

1-897 

1-844 

1-789 

1-732 

0-45 

2-598 

so:,? 

1-956 

1-897 

l-l37 

0-50 

*739 

2-I36 

1-179 

a-121 

2'06l 

.■936 

O'B 

3' 

2-449 

2-387 

2-324 

1-158 

2-191 

I'llI 

0-7 

3'34Q 

2 '646 

2-579 

2-510 

2-439 

2-366 

a-291 

08 

3 '464 

2'Sz!J 

2-757 

1-683 

2 -608 

2530 

2-449 

0-9 

3674 

3' 

1-914 

1846 

2-766 

2-683 

2-598 

U 

3-873 

3162 

3081 

3'    , 

3-058 

1-S28 

2-739 

1 

4-061 

3'3I7 

3-»3J 

3 -'46 

1-966 

2-S71 

2 

4-^3 

3-464 

3-376 

3-286 

3-194 

3-098 

3- 

3 

4-4 '6 

3 -606 

3-514 

3-421 

3-324 

3-225 

3"  111 

4 

4-583 

3-741 

3-647 

3550 

3-450 

3-347 

3-240 

5 

4-743 

3;873 

3-775 

3.674 

3-57' 

3464 

3-354 

B 

4-899 

3899 

3-795 

3 -688 

3-578 

3--164 

7 

5-050 

4-113 

4-019 

3 -9' 2 

3-Soi 

3-688 

3-571 

8 

5-196 

4 -243 

4-'3S 

4-025 

3-911 

3795 

3-674 

9 

5-339 

4-359 

4-149 

4-135 

4-019 

3899 

3775 

2u 

5'477 

4-47* 

4-359 

4-243 

4  123 

3-873 

!■! 

S-61J 

4-583 

4-467 

4-347 

4225 

4-099 

3;969 

2-2 

5744 

4-690 

4-572 

4-450 

324 

"95 

2-3 

5-874 

4-796 

4-074 

4-550 

4IJ 

t'3 

4'>53 

n 

6- 

4S98 

4-77S 

4-648 

5>7 

4 

382 

4-M3 

2-5 

6-123 

s- 

4873 

4-743 

610 

472 

4-3JO 

26 

6-145 

S-o^ 

49;o 

4-837 

4 

56. 

4-416 

27 

6304 

5-.96 

5-065 

4-930 

79' 

64a 

4-500 

28 

6-4S0 

S-I9I 

5->58 

5-020 

879 

733 

4*583 

2-3 

6-595 

s-jss 

5-249 

5-109 

4965 

817 

4-664 

30 

6-708 

5*477 

5-339 

5-196 

5-050 

4898 

4743 

suiuble  value  or  e  fiom  Tabic  XII. 
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Part  i  {continued). — ApproximaU 
or.  Values  of  the  £xprefsiv* 


ill  f=« 

.„—                       1 

070 

oaa 

oao 

0-55 

O-fiO 

0-4K 

O-40    1 

[ 

0'05 

0-592 

0-570 

0-548 

0-514 

0-5 

0-474 

0447 

D'10 

0-S37 

0-S06 

0-775 

0-742 

0-707 

0-671        0  up  1 

U'I5 

[■015 

0987 

0'949 

0-908 

0-866 

o-Saa       0  77J 

U'20 

1-183 

109s 

1-049 

0-949       0-S94 

0-2& 

13^3 

1-275 

■  ■225 

1172 

i-iiS 

1^1        ,. 

0-30 

■■449 

1-396 

i;342 

1284 

1-225 

i-i6a        1-095 

fr35 

■•565 

,-508 

1-387 

1-333 

i'«SS       1-183 

D-M 

■■673 

1-612 

1-549 

■-483 

1414 

1-343       126; 

046 

'■775 

1710 

1-643 

"■573 

1-5 

"■43J 

1-343 

050 

:-87i 

l-Saj 

1-732 

J-65S 

1-58. 

'■5 

1-414 

OB 

21)49 

■■97S 

1-S97 

i-Si6 

1752 

1-643 

1-S49 

07 

2-JI4 

*-'33 

2-049 

196^ 

1-871 

1-77S 

I -67  J 

OS 

2'J&-, 

2-2Sa 

2':9: 

3-098 

1-S97 

«-7»9 

O'S 

2-510 

I -41 9 

2'324 

2-225 

3-OlZ 

1-897 

1'Q 

3-646 

2-550 

2-449 

3-345 

2-236 

1-1 

3-775 

2-674 

3-509 

2 '460 

a-345 

3235 

3-09S 

n 

2-S9S 

a-793 

2 -OH  J 

2;s69 

2-449 

3334 

1'3 

S'oi; 

2-907 

3-793 

3-549 

3-419 

3-Jto 

H 

3* '30 

3-017 

1-Sy8 

3-775 

2  ■646 

3-jIO 

1-366 

rs 

3-112 

3- 

2-872 

2-739 

3-593 

3  "449 

I'B 

3-347 

3-W5 

3-098 

2.966 

2 '838 

2-6S3 

3-530 

V7 

3450 

3-3*4 

3-'94 

3-058 

3-915 

J -766 

2-60S 

1'8 

3';  5° 

3-42 1 

3-3f>6 

3-'46 

3-  „ 

2-84'' 

2-6S3 

3647 

3'5'4 

3-376 

3-333 

3-oSa 

2924 

3-757 

2-0 

3741 

3-606 

3-464 

3-3'7 

3  ■.62 

3- 

2-\ 

3834 

3-695 

3*-50 

3-399 

3340 

3074 

2-SqS 

2.2 

3-924 

3-78* 

3 -6.13 

3-479 

3-3'7 

3-146 

29OD 

2'3 

3 -867 

3-715 

3-557 

3-391 

3-317 

3-033 

2'a 

AO-B 

3950 

3-795 

3633 

3-464 

3-286 

3'09S 

2'5 

4-'»3 

4;o3' 

3-873 

.rjos 

^i^ 

3-354 

26 

4-266 

3-950 

3-:«3 

3-606 

3-431 

3-225 

27 

4-347 

4-'89 

4-025 

3--^54 

3-674 

3-486 

3-2M 

2'B 

4-4*7 

4-266 

4-099 

3-924 

3-743 

3550 

3-347 

2-9 

4-506 

4-34J 

4-171 

3  994 

3'SoS 

3-612 

3-406 

3'0 

4-S«3 

4-416 

4-343 

4062 

J-873 

3-674 

3-464 

I]        PIPES  AND   CULVERT^i. 


telodliei  in  feet  per  second, 

ioon/RS,  suitable  to  Culverts  and  Pipes. 


i.f... 

M,r,N..s^d 

0-35 

0  3. 

..5 

0-20 

0-16 

010 

0-OB 

005 

o'4ia 

0-387 

fJS-i 

0-316 

0-274 

0-124 

o;i;S 

0-tO 

o'592 

0-548 

0-500 

0-447 

0-387 

0-316 

224 

D'lb 

□725 

0-67. 

0-612 

0-548 

0-474 

0-387 

274 

0'2a 

0837 

0-775 

0707 

0-632 

0-548 

0-447 

316 

0'25 

0-93S 

o'S(i6 

0-790 

0-707 

0-500 

3S4 

0-30 

1-025 

0-949 

o.a66 

0-775 

0-671 

o;S48 

38? 

0>35 

1-I07 

1-02S 

o'9]5 

0-837 

0-725 

418 

0-W 

1-183 

1-095 

0-894 

0775 

0-6J2 

447 

0'45 

'■2SS 

1-161 

1061 

0-949 

0822 

0-671 

474 

O'BO 

1-313 

1225 

1-118 

0-866 

0-707 

■^ 

500 

O'E 

1-449 

1.342 

1-215 

1-095 

0-949 

0775 

0 

548 

07 

1565 

■■449 

1323 

1-183 

1-025 

0-837 

592 

O'B 

1*7  J 

l'S49 

1-265 

1-095 

0-894 

032 

0'9 

1775 

1643 

i-s 

1-342 

1-162 

0-949 

671 

1-0 

1-871 

1-733 

1-581 

1-414 

1-225 

707 

I'l 

1962 

1-8.7 

.■658 

1-483 

1-285 

I049 

74* 

1-2 

Z-IH9 

1-897 

1-732 

1-549 

1-342 

1-095 

775 

1-3 

2'33 

1-975 

1-803 

161  a 

1-396 

1-140 

806 

1* 

a-2i4 

j-049 

r87. 

1-673 

1-449 

I-1S3 

837 

l'6 

a -291 

1-936 

1732 

1-500 

1-225 

866 

(■6 

2 '366 

2-191 

1-789 

1-549 

1-265 

894 

\-l 

2 '439 

2'2SS 

2-062 

1-844 

1-597 

1-304 

932 

1-8 

2-510 

2324 

1-S97 

1643 

1-342 

949 

f9 

2-579 

2-387 

2-179 

1-949 

I -688 

1-378 

975 

2'0 
2'l 

2'646 
2711 

2-449 
J-51Q 

2-236 
2-291 

2-049 

1732 
1-775 

1-414 
1-449 

1-025 

2-2 

2775 

2-569 

2-345 

2-098 

.■S17 

1-483 

1-049 

2'3 

2-817 

2627 

2-398 

2-14S 

1-857 

1-517 

1-072 

2'4 

2-898 

2-683 

2-449 

2-191 

.-897 

1-549 

;.!?! 

2-6 

1958 

2739 

a-SOQ 

2-236 

1936 

1-581 

26 

3-017 

2-793 

2-549 

3-280 

1-97S 

I -611 

1-140 

27 

3-074 

J-847 

2-598 

2-324 

1-643 

1162 

2'B 

3'i30 

2.89s 

2-646 

2-366 

2-049 

■■673 

1-183 

2-9 

3-186 

2  ■950 

2-693 

2-408 

2-086 

1-703 

1-204 

3-0 

3 '240 

3- 

2-739 

2-449 

2-121 

1-732 

1225 

MiUble  v<aue  of  e  fiom  Tabl:  XII. 
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PIPE^  AND  CULVERTS.        [tabu  vm.  part  J 


Part  2. — Approximate  Discharges  through  full  cylimdrieal 

tubes^  Pipes^  Culverts^  6*^ 


TiJMte 

U j;^ 

For  slopes  of  one  in 

Naiobs 

For  oia* 

inctcn  in 

feet 

■HihipfiBd 

100 

150 

200 

300 

400 

600       1000 

ocW 
dopes 

Approximate  discharges  in  cubic  lecC  per  seoood 

(T)  '083 

•008 

*oo6 

•006 

•005 

*OQ4 

•004I       xx)3|         t)79l 

(2")  '166 

•04 

•04 

•03 

•03 

•02 

*02 

•01 

445 

(3^)  '25 

•12 

•10 

•09 

•07 

•06 

•05 

•04 

1*227 

(4")  -33 

•25 

•21 

•18 

•15 

•13 

•u 

•08 

2-519 

(6")   -416 

•44 

•36 

•31 

•25 

*22 

•20 

•14 

4*40ij 

(6")  '6 

•69 

'57 

•49 

•40 

•35 

•31 

*22 

6-939 

(7")  '683 

I'02 

•83 

•72 

•59 

•51 

•46 

•32 

10*206 

(8^)   '66 

1*43 

I '16 

I'OI 

*82 

71 

•64 

•45 

14-251 

(9")   75 

1*91 

1-56 

1-35 

1*10 

•97 

•86 

•61 

19-128 

(10")   •83 

2-49 

2-03 

176 

1-44 

I*2C 

I'll 

79 

24-895' 

(ID  -916 

316 

2*58 

2*2  J 

1*82 

1*58 

I  41 

IXX> 

31-594 

(12")  I'OO 

3*93 

3-28 

2*78 

2*27 

1*96 

176 

1-24 

39-27 

1*25 

6-86 

5 -60 

4-85 

396 

3-43 

3-07 

2*l6 

68-601 

1-5 

10*82 

8-82 

7-55 

6*25 

5-41 

484 

3*42 

108*216 

175 

15-91 

12*99 

11*25 

9*18 

7-95 

7*11 

5-03 

159^)95 

2* 

22-21 

18-14 

15*71 

12-83 

11*11 

9*93 

7-02 

222*140 

2-25 

29*82 

2435 

21*08 

17*22 

14*91 

13-34 

9*43 

S^ 

2'5 

3881 

31-69 

27-44 

22-41 

19*40 

17-35 

12-27 

275 

49-25 

4022 

34-82 

28-43 

24*62 

22t>2 

«5-57 

492-489 

3' 

61 '21 

49*99 

43-28 

35 -34 

30-61 

27-37 

"9-35 

612*105 

3-25 

7477 

61*04 

5287 

4318 

37-38 

33-44 

25-64 
28-46 

7477441 

3-5 

88*99 

73-49 

63-63 

51-96 

44  99 

40*25 

899*990 

375 

106-94 

8733 

75*61 

61-74 

53-46 

47*8a 

3381 

1069*397 

4* 

125*66 

102*63 

8884 

72-55 

6283 

56*20 

39*73 

1256*640 

4*25 

146*23 

119*42 

103*38 

84-32 

73" 

6539 

46-24 

1462*262 

4*5 

16869 

137-76 

119*26 

97*39 

84-34 

75*44 

53*34 

1686*886 

475 

19310 

157*70 

136*52 

111-48 

965s 

86*36 

61 -06 

1931  *028 

6' 

21954 

179*26 

155*24 

126*75 

10977 

99-18 

6943 

2195*436 

5*5 

278*61 

227*48 

1 97  00 

160*85 

139-30 

124*60 

88*10 

2786060 

6' 

346-31 

282*76 

24.1*88 

199*94 

173  16 

154-88 

10951 

3463*130 

6-5 

42303 

345-40 

29913 

244-23 

211*51 

189*18 

133-77 

4230*262 

V 

50913 

41570 

36001 

293*65 

254-57 

227*69 

161*00 

- 

5091 322 

N.  B. — For  correct  discharge,  apply  the  suitable  value  of  0  from  Table  XIL 
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Part  2  (continuei). 

Fordia. 

• 

For  hydraulic  slopes  of  ooe  in 

meters  in 
feet 

1250 

1500 

2000 

2600 

8000 

4000 

6000 

Appro 

ximate  disci 

largcsincu 

bic  feet  per 

lecood 

1" 

o'ooa 

0*002 

0*002 

0*002 

O'OOI 

0*001 

O'OOI 

r 

0013 

o-oii 

0*010 

0*009 

o*oo8 

0*007 

0*006 

r 

0035 

0*032 

0*028 

0*025 

0022 

0*019 

0*017 

r 

0*071 

0*065 

0*056 

0*050 

0*046 

0*040 

0*036 

b" 

0*124 

0*114 

0*099 

0088 

0*080 

0*070 

0*062 

6" 

0*196 

0*179 

0*155 

0*139 

0*127 

0*110 

0*098 

r 

0*289 

0-264 

0*228 

0*204 

0*186 

0*161 

0*144 

8" 

0*403 

0*368 

0*319 

0*285 

0*260 

0*225 

0*202 

r 

0*541 

0*494 

0*428 

0*383 
0*498, 

0349 

0*302 

0*271 

i(r 

0*704 

0643 

0557 

0-4S5 

0394 

0*352 

11" 

0*894 

o*8i6 

0*706 

0*632 

0*577 

0*500 

0*447 

\r 

1*111 

1*014 

0*878 

0785 

0*717 

0*621 

0555 

1'2& 

1*940 

1*771 

1*534 

1*372 

1*252 

I  085 

0*970 

1'5 

3060 

2*794 

2*420 

2*164 

1*976 

1*711 

1*530 

175 

4500 

4*io8 

3*558 

3-182 

2905 

2*516 

2*250 

2- 

6*284 

5*736 

4*968 

4-442 

4056 

3*5x3 

3*142 

^7& 

8*444 

7*708 

6*675 

5-964 

5-450 

4*720 

4*222 

25 

10*98 

I0'02 

8678 

7*762 

7*086 

6*136 

5*489 

2'76 

13-93 

12*72 

11*01 

9850 

8*991 

7*786 

6*965 

3- 

17-31 

15*80 

13*69 

12*24 

11*18 

9679 

8657 

3-25 

21*16 

19-31 

16*72 

15*95 

13-65 

11*82 

10*58 

3*5 

25*46 

2324 

20*13 

18*00 

16*43 

14-23 

12*73 

3-76 

30*24 

27*61 

23*91 

21*38 

19-52 

16*91 

15*12 

4- 

35-54 

3245 

28*10 

25*14 

22*94 

19*87 

17-77 

425 

4136 

37-76 

32*70 

29*24 

26*70 

23*12 

20-68 

4*5 

47*72 

43-55 

37*73 

33-74 

30*80 

26*67 

23*86 

476 

55-88 

49-86 

43-18 

38*62 

35-25 
40*08 

30-53 

27-94 

s- 

62-10 

56*69 

49*10 

43*90 

34-71 

3x05 

5-5 

78*80 

71*94 

62*30 

55-72 

50*87 

44-05 

3940 

6- 

97*96 

89*42 

77-44 

69*26 

6323 

54*76 

48*98 

6-5 

119*8 

109*2 

94*59 

84*60 

77-24 

66*89 

59*83 

V 

I44-0 

131-5 

"3-9 

1018 

92*96 

80*50 

72*01 

N.B. — For  correct  discharge,  apply  the  luitable  value  of  0  from  Table  XII. 
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PIPES  AND  CULVERTS.         [TABU  viii.  FAIT  « 


Part  2  {continued). 


For  hydranlic  slopes  S  per  thousand 

Diam. 
of  Pipe 

20 

16 

10 

9 

8 

7              6 

AppmnmAtfl  HurhargM  in  cubic  feet  pM-  «t»cnnd 
•                       1                        ■  • 

r 

o-oii 

0*010 

o*oo8 

0*007 

0*007 

0-007  1      0^006 1 

r 

0-063 

0*055 

0*045 

0*042 

0-040 

0-037 

ox>34 

3" 

0174 

0-150 

0*123 

0*116 

0*110 

O'io3 

0-0^ 

4" 

0-356 

0-309 

0*252 

0*239 

0*225 

0-211 

0-195 

5" 

0*622 

0539 

0*440 

0*418 

0-394 

0-368 

0*341 

6" 

0*981 

0850 

0*694 

0*658 

0*621 

O'cSi 
0-854 

0537 

7' 

1*443 

1-250 

I -02 1 

0968 

0*913 

0790 

8" 

2*015 

1745 

1-425 

1-352 

1-275 

I -192 

I'lOf 

9" 

2*705 

2*343 

1-913 

1*815 

1*711 

1-600 

I -481 

10" 

3521 

3*049 

2490 

2*362 

2*227 

2*083 

.     1-928 

If 

4*468 

3-869 

3-159 

2-997 

2*825 

2-643 

2*447 

12" 

5-554 

4-810 

3-927 

3-726 

3-512 

3285 

3*041 

1'25 

9*702 

8-402 

6-860 

6-509 

6*136 

5  740 

5"3U 
8*381 

1-5 

15*30 

13*25 

10*82 

10*27 

9*679 

9-054 

175 

22-50 

19-49 

15*91 

15-09 

14*23 

13-31 

12-32 

2- 

31*42 

27*21 

22*21 

21*07 

19*87 

18-59 

17-20 

2'25 

42-22 

36*56 

29*82 

28*32 

2670 

24-97 

23-" 

25 

54-89 

47*53 

38-81 

36*82 

3471 

3247 

3006 

275 

69-65 

6031 

49-25 

46-72 

44-05 

4t*20 

3814 

3* 

86*57 

74*97 

61*21 

58*07 

5475 

51-21 

47*40 

3-25 

105-8 

91-58 

74-77 

70-94 

66-88 

62-56 

57-90 

3-5 

127*3 

110*2 

89*99 

85*38 

80-50 

75-30 

69-70 

375 

151-2 

131*0 

106*94 

K)l*5 

95-65 

89-47 

82*82 

4' 

1777 

153*9 

125*66 

1 19-2 

112-4 

105  •! 

97*32 

4*25 

206*8 

J710 

146-23 

138*7 

130*8 

122-3 

113*2 

4-5 

238*6 

201-9 

168*69 

160*0 

150*9 

141 -I 

130-6 

475 

279*4 

236-5 

193*10 

183*2 

1727 

161 '5 

»49"5 

6' 

310-5 

268-9 

219-54 

208 '3 

196*4 

•1837 

170  X) 

5*5 

394 -o 

341*2 

27861 

264-3 

249*2 

2^3*1 

215-8 

6- 

489-8 

424-1 

346-31 

328*6 

309-8 

2897 

268-2 

G-S 

598-3 

518-1 

423*03 

401-3 

378-4 

353*9 

3276 

7' 

720*1 

623-6 

509-13 

483*0 

455-4 

426*0 

394-3 

N.B. — For  correct  discharge,  apply  the 
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Part  2  (contintud). 


For  hydraul 

ic  slopes  ^ 

pter  thousand 

Diam. 

— 

. 

of  Pipe 

5- 

4' 

3- 

2-5 

2- 

1-76 

1-5 

Appro 

ximate  disci 

larges  in  cubic  feet  per 

second 

1" 

o-oo6 

0-005 

0-004 

0-004 

0-004 

0-003 

0-003 

T 

0-032 

0-028 

0-024 

0-022 

0X)20 

0-019 

0-017 

r 

0-087 

0-078 

0-067 

o-o6i 

0-055 

0-052 

0-048 

4" 

0-178 

0-159 

0-138 

0-126 

O-II3 

o-io6 

0-098 

5" 

0-311 

0-278 

0-241 

0-220 

0-197 

o-i>4 

0-171 

6" 

0-491 

0-439 

0-380 

0-347 

O-3II 

0-291 

0-269 

7" 

0-722 

0-646 

0-5S9 

0-510 

0-457 

0-427 

0395 

8" 

1-008 

0-901 

0-781 

0-713 

0-638 

0-596 

0552 

9" 

i-3«i3 

I -210 

I -148 

0-956 

0-856 

o-8oo 

0-741 

10" 

I -761 

1-575 

1-364 

1-250 

1-113 

1-042 

0-964 

11" 

2-234 

1-998 

1-731 

1-580 

1-413 

1-322 

1-224 

12" 

2-777 

2-484 

2-151 

1-964 

1-756 

1-643 

I -521 

1*25 

4-851 

4 '.^39 

3-758 

3-430 

3-068 

2-870 

2-657 

1-5 

7-650 

6-844 

5-928 

5-4" 

4-840 

4-527 

4-191 

175 

1 1  -250 

10 -06 

8-714 

7-955 

7-115 

6-655 

6 -160 

2' 

15-71 

14-05 

12-17 

II-II 

9-935 

9-295 

8-600 

225 

21-11 

18-88 

16-39 

i4-9« 

13-35 

12-49 

11-56 

2-5 

27-44 

24-55 

21-26 

19-40 

17-36 

16-24 

1503 

275 

3482 

3115 

26-98 

24-62 

22-03 

20 -60 

19-07 

3- 

43*28 

3872 

33-53 

30-61 

27-37 

25-61 

23  70 

3-25 

52-87 

47-30 

40-96 

37-38 

33-44 

31-28 

28-95 

35 

6363 

56-92 

49-30 

44-99 

40-25 

37-65 

34-85 

375 

75-61 

6764 

58-58 

53-46 

47-82 

44-74 

41-41 

4' 

88-84 

79-48 

68-84 

62-83 

56-20 

52-55 

48-66 

4-25 

«03*38 

92-49 

80-10 

73-" 

65-40 

61-15 

56-60 

4-5 

119-26 

106-7 

9239 

84-34 

75-45 

70-55 

65-30 

475 

1 36  52 

122*1 

105-8 

96-55 

86-35 

80-75 

74-75 

5* 

155-24 

138-9 

120-3 

109-77 

98-20 

91-85 

85-00 

5-5 

197-00 

176-2 

152-6 

139-30 

124-60 

1 16-6 

107-9 

6- 

24488 

219-0 

189-7 

173-16 

154-88 

144-9 

134-1 

6-5 

299-13 

267-5 

231-7 

211-51 

189-18 

177-0 

163-8 

7- 

360-01 

322-0 

278-9 

254-57 

227-69 

2130 

197-2 

1 

suitable  value  of  ^  from  Table  XII. 
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PIPES  AND  CULVERTS,         [tabls  viii.  pait  a 


Part  2  {continued). 


DUm 
of  Pipe 

For  hydraulic  slopes  5'  ] 

per  thousand 

1    o-e         0*5 

125 

r 

0-9 

0^ 

0-7 

Appraximate  disdurges  in  cubic  feet  p«r 

■                                   ■        1 

second 

1" 

0-003 

0*002 

O-0O2 

0-002 

OXX>2 

OXX>2 

oxxn 

T 

ot)i6 

0-014 

0-014 

0-013 

0-012 

OX)II 

0*010 

r 

0*044 

0039 

0-C37 

0-035 

0032 

0-030 

Ot>28 

4" 

0*089 

0*080 

0*076 

0-071 

0-067 

0-062 

ot>56 

5" 

0*156 

0*139 

0-132 

0*124 

0*116 

0*108 

ot)99 

e^ 

0*246 

0*219 

0-208 

0-196 

0-184 

0-170 

015? 
0-228 

r 

0-361 

0323 

0-306 

0-289 

0270 

0-250 

8" 

0-504 

0-451 

0-428 

0-403 

0-377 

0-349 

0*319 

r 

0677 

0*605 

0574 

0-541 

0-506 

0-469 

0*428 

10" 

o*88i 

0787 

0-747 

0-704 

0-659 

0-610 

0*557 

ir 

I-II7 

0999 

0-948 

0*894 

0-836 

0-774 

0*706 

\T 

1-389 

1*242 

I -178 

I-III 

1*039 

0-962 

0*878 

1'25 

2-426 

2-170 

2*058 

1-940 

I  815 

1-680 

1-534 

1-6 

3825 

3422 

3*247 

3*060 

2-863 

2-650 

2-420 

175 

5-625 

503' 

4773 

4-500 

4209 

3-898 

3-558 

2* 

7855 

7*025 

6-665 

6*284 

5*877 

5-442 

4-968 

2*25 

io-?5 

9-440 

8-956 

8-444 

7-898 

7 '31 2 

6-67J 
8*678 

2-5 

137^ 

12-27 

11-64 

10-98 

10-27 

9-506 

276 

17-41 

»5-57 

1477 

13*93 

13*03 

I2T>6 

IIX>I 

3- 

21-64 

19-36 

18-37 

17*3 

16-20 

14*99 

13^ 

3-25 

26-44 

23-65 

22-43 

2I-t6 

19*78 

18*32 

16*72 

3-5 

3r-82 

2846 

27  00 

2546 

23-81 

22*04 

20-13 

375 

37-81 

3382 

32-08 

30-24 

28-29 

26*20 

23-91 

4- 

44-42 

3974 

3770 

35*54 

33-25 

30-78 

28 -lo   1 

4'25 

51-69 

46-24 

43*87 

4X*36 

38-69 

34-20 

32-70 

4'5 

59-63 

53*34 

50-61 

47-72 

44*63 

4038 

37  73 
43*i8 

476 

66-26 

6i-o6 

57*93 

55*88 

51x59 

47-30 

6' 

77*62 

6943 

65*87 

62-10 

58-09 

5378 

49-10 

fi-6 

9850 

88-10 

83*58 

78*80 

7371 

68*24 

62-30 

fr 

L22*4 

109-51 

103-9 

97-96 

91-62 

84*82 

77-44 

6'5 

149^ 

13377 

126-9 

1 19-8 

111*9 

103*6 

94-59    . 

7- 

180 1> 

161-00 

152-8 

144*0 

1347 

1247 

113-9      1 

N.B. — For  correct  discharge,  apply  the 
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Part  2  {continwd). 


For  hydraulic  slopes  5"  per  thousand  of 

Btam. 
of  Pipe 

0-4 

0*3 

025 

1 

0*2 

1 

0-16 

1 

01 

0*05 

Approximate  discharges  in  cubic  feet  per 

MGOOdj 

r 

0'002 

0*00 1 

0*001 

o-ooi 

o-ooi 

O'OOI 

O'OOI 

r 

0*009 

0*008 

0-007 

o-oo6 

0-006 

0*004 

0-003 

r 

0*025 

0*021 

0*019 

0-017 

0-015 

0*012 

0*009 

A" 

0*050 

o*oS8 

0*044 

0*040 

0-036 

0-031 

0*025 

0-018 

5" 

0*076 

0-070 

0-062 

0-054 

0*044 

0031 

6" 

0-139 

0*120 

O'lIO 

0098 

0-085 

0*069 

0*049 

7" 

0-204 

0*177 

0-161 

0*144 

0125 

0*102 

0-072 

8" 

0-285 

0*247 

0*225 

0*202 

0-175 

0*143 

0*101 

9" 

0*383 
0*498 

0331 

0*302 

0*271 

0234 

0-191 

0135 

10" 

0*431 

0-394 

0*352 

0-305 

0*249 

0-176 

11" 

0*632 

0-547 

0*500 

0-447 

0-387 

0-316 

0223 

12^ 

0*785 

0*608 

0-621 

0-555 

0-481 

0-393 

0-278 

1-25 

1*372 

I -188 

1-085 

0*970 

0*840 

0-686 

0*485 

1'6 

2*164 

1-874 

1*711 

I  -530' 

1*325 

I  082 

0*765 

176 

3-182 

2*756 

2-516 

2*250 

I  949 

I '591 

1*125 

2" 

4*442 

3*848 

3*513 

3-142 

2*721 

2'22| 

I -571 

2-26 

5*964 

5*182 

4*720 

4*222 

3656 

2-98? 

2-108 

2-6 

7*762 

6*722 

6*136 

5489 

4753 

3*881 

2744 

275 

9*850 

8-531 

7*786 

6-965 

6031 

4-925 

3*482 

3- 

12*24 

10*60 

9679 

8'657 

7*497 

6-121 

4*328 

3'25 

>5-95 

12*95 

11-82 

10-58 

9-158 

7'477 

5*287 

3'5 

i8'oo 

I5'59 

14*23 

12*73 

11*02 

8-999 

6363 

375 

21*38 

18-52 

16-91 

I5'I2 

13-10 

10-69 

7-561 

4* 

25*14 

21-77 

19*87 

17*77 

15-39 

12-57 

8*884 

4*25 

29*24 

25*33 

23-12 

20*68 

17*10 

14*62 

10*34 

4-5 

3374 

29*22 

2667 

2386 

20-19 

16-87 

11*93 

475 

38*62 

33*45 

30*53 

27.94  1 

23-65 

1931 

13*65 

6' 

43-90 

3803 

34*71 

3105 

26-89 

21-95 

15*52 

6-6 

55*72 

48-26 

44*05 

3940 

34*12 

27-86 

19*70 

6' 

69*26 

5998 

5476 

48*98 

42*41 

34*63 

24*49 

6'5 

84*60 

7327 

66-89 

59-83 

51*81 

42-30 

29*91 

7' 

101-8 

8819 

80*50 

72*01 

62*36 

50*91 

30-00 

suitable  value  of  e  from  Table  XII. 
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PIPES  AND  CULVERTS. 


[TABU  Tin.  HIT  ] 


Part  3. — AffroximaU  diameters  efJiiB^fa 


T.J-kf 

Duchiria 

F«.lop=o(<» 

tin 

[n  cubic 
f«.[«r 

"gT- 

KOUd        "~ 

00_ 

150 

,.0 

800 

400 

8OO 

1000 

filler  dxH 

■1 

33 

■IS 

■26 

■ag 

■30 

■3« 

■36 

■0916 

■2 

30 

■33 

;3S 

■38 

■40 

■42 

■48 

-»oS 

■3 

36 

■39 

■44 

■47 

■49 

■57 

-1411 

'1 

40 

■43 

■46 

■so 

■5J 

■5s 

■63 

'1594 

■6 

44 

■47 

■50 

■ss 

■S8 

■60 

■69 

■'743 

■8 

47 

■5' 

■54 

■59 

■61 

■65 

-75 

-187s 

■7 

5° 

■54 

■58 

■66 

■69 

79 

'i9» 

■8 

S3 

■57 

■61 

■66 

■70 

■73 

■S4 

-zvn 

■9 

56 

■60 

■64 

■69 

■73 

■77 

■88 

■2315    1 

1- 

58 

■63 

■66 

■72 

■76 

■80 

■92 

■2jao 

M 

60 

■fis 

■69 

75 

V 

II 

-95 

-1385 

1-2 

«i 

■67 

71 

77 

■81 

■86 

■99 

"2474     1 

1'3 

64 

■70 

■74 

■So 

15 

■89 

•2556 

t-4 

«6 

■71 

■76 

■81 

■87 

■91 

■  ■OS 

-2631 

1'5 

■68 

■74 

-78 

;85 

■90 

■94 

i-oS 

■3703 

l-G 

70 

■76 

■80 

■9, 

■96 

■2776 

V7 

■77 

■8z 

■89 

■94 

■99 

'■'3 

-2844 

V8 

73 

■79 

■S4 

■91 

■96 

i-i6 

-agio 

V9 

75 

•Si 

■86 

■93 

.99 

1-03 

i^i8 

-2973 

2-D 

76 

■83 

■83 

■95 

1-01 

105 

I -at 

■303s 

2-1 

78 

■84 

■89 

■97 

I -03 

■  ■07 

1-23 

■3095 

tl 

79 

■86 

■91 

•99 

i^04 

109 

1-26 

'3' 53 

2-3 

81 

■87 

■93 

[■06 

'3*09 

2'4 

82 

■89 

■94 

l-OJ 

foS 

■■'3 

I  ■SO 

-3265 

2'5 

83 

■90 

■96 

ro4 

'■'S 

1-3= 

■I3ti 

S'e 

S5 

■93 

■97 

105 

I -17 

'■34 

■336< 

27 

S6 

•93 

■99 

\■o^ 

1-13 

P19 

1-36 

■342a 

2'8 

87 

■95 

109 

"■'5 

1-38 

-347» 

2'9 

88 

■96 

'■'i 

■3SI" 

3'0 

go 

■97 

1-03 

■  ■II 

riS 

r34 

l-4» 

■3569 

TASLK  VIII.  MBT  3]       PIPES  AND  CULVERTS. 


of  smalt  discharge  and  high  itu/inaiunt. 


eoo    1000    1500 


3500    SOOO    4D0O   otbcrilopB 


,'.o 

I -14 

l'4S 

IS" 

[■/I 

1-77 

mi 

1-99 

i-UV 

117 

S-iS 

2'34 

3 -40 

I  ■48 

1-^f 

a-fci 

275 

J -87 

2'Jf7 

z'oS 

2Q7 

VoS 

V2K 

3 '37 

V^" 

VSo 

,-01 

3-05 

378 

4'2C( 

4  45 

4-ai 

4-99 

S-al. 

5 '45 

6-,s 

6-94 

7-it> 

9-SO 

■3569* 

■40045 

|-(0 

■437«o 

1-47 

-470<)fi 

a*l 

■5009; 

i7» 

jql 

■55389 

3-04 

■57773 

V"i 

'60018 

■61 144 

V17 

•66096 

fS7 

■67946 

^7S 

7I4,'4 

•73'*6 

■746S4 

4-00 

7623* 

S'jK 

S7S 

fO098 

I1830 

l-^Sbl 

6'C>7 

f3i73 

7)1 

'■39'3 

145" 

o-ot> 

1-9.49 

a  ■2510 

PIPES  AND  CULVERTS. 


[tabl«  Tm,  nxi  * 


Part  ^.— Pipes.     AppnmmA 


Fm 

^, 

For  dii- 
ch«g«in 

TrfBtoN* 

»be<ii»U 

-083 

166 

-as 

-333 

-416 

bT"j|^ 

pBKCond 

a-) 

(B") 

t3^ 

(*■> 

(B-) 

^.bcdofw 

..«ir.f«. 

0-01 

i6i 

0-504 

0-066 

0-016 

0-005 

0-0MW6 

0'02 

64-5 

a-oi6 

0-265 

0-00016 

0>D3 

I4S-' 

4-535 

0-S97 

0142 

0^346 

VVXt^ 

O'Oa 

2SS-0 

8-o6i 

I -052 

0-JS3 

0-083 

oxmiot 

O'OS 

403  ■! 

12-597 

1-659 

0-394 

0-129 

OTX>l6) 

G'06 

580.4 

18-056 

2-389 

0-567 

0-1S6 

O'OIUJi 

0-07 

790 'O 

34-690 

3-^51 

0-772 

0-2S3 

o-oojiS 

008 

ioj[-S 

32  ■248 

4-247 

1-008 

0-330 

0-00415  [ 

0'09 

13061 

40-8.  s 

S-375 

I -275 

o-4«8 

0-00525 1 

■1 

1612- 

SO-4 

6 '64 

1-57 

0-516 

0-0064$ 

■2 

6«o- 

201 -6 

26-54 

6-30 

2-064 

14512- 

45i-S 

5972 

14-17 

4-644 

0-05832 

'4 

806-a 

io6'i7 

2525 

8-256 

OIOJ6S 

■S 

1259-7 

165-89 

39-37 

12-899 

0162 

■6 

1805-6 

238 'SS 

56-69 

■8-575 

0-^3328 

■7 

2469-0 

3^5-'4 

77-16 

25-283 

0 -.11 752  1 

•8 

3124-8 

414-67 

10O-7S 

33-023 

0-4147* 

-9 

4oS:-s 

S37-48 

■:'7-S4 

41-794 

0-5248S 

I'D 

5038-9 

66J-5S 

15746 

51-598 

0-64S 

I'l 

802-90 

100-53 

62-433 

07«4oS 

1-Z 
1-3 

9555' 

a26-;s 
266-11 

J?:s 

0-93312 
1-09512 

1* 

1300-56 

30S-63 

101-132 

I-2700S 

1-5 

1492-99 

354-29 

116-095 

"■458 

1-6 

1698-69 

403-1' 

132-090 

1-6588S 

17 

1917-67 

455-07 

149-118 

1-87272 

1'8 

2149-92 

510-18 

167-177 

3-09952 

l'9 

2395-42 

SdS-44 

186-26S 

2-3392S 

Z'fl 

^654 -2. 

629-86 

106391 

2-592 
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Head  for  a  length  of  i  000  feet. 


For  diameters  in 

feet 

For  dis- 
charges in 
cubic  feet 
per  second 

Tabular 
number  to  be 

divided  by 
d*  for  other 

diameters 

0*6 
(6^ 

0*683 
(7'0 

0*666 
(8'0 

0*75 

0-888 
(10-) 

Approxinu 

ite  head  of  wt 

Iter  in  feet 

0-1 

0-207 

0-096 

0-049 

0*027 

0*016 

0*00648 

02 

0*829 

0-384 

0*197 

0*107 

0064 

0*02592 

03 

1*866 

0-863 

0*443 

0*246 

0'I4J 

0*05832 

04 

3-318 

1*535 

0*787 

0-437 

0*258 

0*10368 

05 

5-184 

2*398 

1*230 

0*683 

0*403 

0*162 

06 

7*465 

3*454 

1-772 

0*989 

0*580 

0*23328 

07 

10-163 

4*701 

2*411 

1*338 

0*790 

0*31752 

OS 

13*271 

6-140 

3*149 

1*748 

1*032 

0*41472 

09 

16*796 

7*753 

3*995 

2*212 

1*306 

0*52488 

1-0 

20*736 

9*594 

4-921 

2*731 

1*612 

0*648 

.1-1 

25*091 

ii-6o8 

5*954 

3*304 

1*951 

0*78408 

1*2 

29*860 

13*815 

7-086 

3*932 

2*322 

0*93312 

1*3 

35*044 

16-213 

8*316 

4*615 

2*725 

1*09512 

1*4 

40*643 

18-804 

9*645 

5*352 

3*i6o 

1*27008 

1-5 

46*656 
53*084 

21-586 

1 1  -072 

6*144 

3628 

1*458 

1-6 

24-560 

12*597 

6*991 

4*128 

I  *65888 

17 

59-927 

27-726 

14-221 

7-892 

4*660 

1*87272 

1-8 

67-185 

31-084 

15*943 

8*847 

5*224 

2*09952 

1-9 

74*857 

34*633 

17*764 

9*858 

5*821 

2*33928 

2*0 

82-944 

38375 

19-683 

10*674 

6-450 

2*592 

2-1 

91-446 

42-309 

21*701 

12-042 

7-111 

2*85768 

2-2 

100*362 

45*377 

23-816 

13*216 

7*804 

3-13632 

2-3 

109-693 

50-751 

26*031 

14*445 

8*530 

3*42792 

2-4 

1 19-439 

55260 

28*343 

15729 

9*288 

3*73248 

2-5 

129*600 

59-961 

30755 

17*067 

10*078 

4*050 
4-38048 

26 

140-175 

64*854 

33*264 

18-459 

10*900 

2-7 

151*165 

69-939 

35*872 

19-906 

11*755 

472392 

2*8 

162-570 

75-215 

38*579 

21*408 

12*642 

5-08032 

2*9 

174*390 

80683 

41*383 

22*965 

13*561 

5*44968 

3*0 
1 

186-624 

86-344 

44*287 

24-576 

14*512 

5*832 

Modify  the  discharge  by  a  co-efficient  (0)  before  applying  it,  to  find  the 
eorrect  head. 


PIPES  AND  CULVERTS.        [tabu  vnt.  fa«4 


Part  4  {cont\ — Cylindrical  Pipes  and  Culverts  rvmmngfiiL 


Fordb- 

For  diameters  in  1 

feet 

Tnbolw 

chaivcttn 
cubic  feet 
per  second 

number  to  he 
divided  by 
-    d*  (brother 
diamAcn 

1 

1-6 

2- 

3*6 

s-o 

ApproKiinate  head  of  water  in  feet 

1 

0-648 

1 

o-fMK 

0-085 

0*020 

0*007 

oxx>3 

2 

2*592 

0*341 

0*081 

0*027 

o-oii 

2*592 

3 

5-832 

0*768 

0*182 

0^060 

0*024 

5*32 

4 

10*368 

1-365 

0*324 

0*106 

0043 

10-308 

5 

l6*2 

2-133 

0*506 

0*166 

OXJ67 

16-2 

6 

23*328 

3-072 

0729 

0*239 

0-096 

23328 

7 

31752 

4*181 

0*992 

0*325 

0-131 

31752 

8 

41*472 

5*461 

1*296 

0425 

0-167 

41*472 

9 

52488 

6*912 

1*640 

0537 

0-216 

.52-488 

10 

648 

8-533 

2 -025 

0664 

0-267 

64-8 

11 

78*408 

10*325 

2*450 

0803 

0323 

78-408 

12 

93312 

12*288 

2*916 

0-956 

0*384 

93*3" 

13 

109*512 

14*421 

3*422 

1*121 

o*45> 

109*512 

14 

127*008 

16725 

3969 

1*301 

o*5^3 

127*008 

IS 

1 45 -8 

19*2 

4*556 

1-493 

o*6oo 

145*8 

16 

165*888 

21*845 

5184 

1*699 

0*667 

165*888 

17 

187*272 

24*661 

5852 

1*918 

0771 

187-272 

18 

209*952 

27648 

6501 

2*150 

0*864 

209952 

19 

233-928 

30*805 

7-310 

2*395 

0*963 

21^-928 

20 

259*2 

34*133 

81 

2*654 

1-06/ 

259*2 

21 

37*632 

8*930 

2*926 

1*176 

2S5768 

22 

41*301 

9-801 

3*212 

1*291 

313-632 

23 

45141 

10-7x2 

3-510 
3*822 

I -41 1 

342792 

24 

49*152 

ii*66d 

1*536 

373*a48 

25 

53-333 

12*656 
13-689 

4*147 

1*667 

405-0 
438'048 

28 

57-685 

4.486 

1*803 

27 

62*208 

14*762 

4837 

1-944 

472-392 

28 

66*901 

15-876 

5*202 

2*091 

508032 

29 

71*765 

17030 

5-580 

2-243 

544-968 

30 

76*8 

18  225 

5-972 

2*400 

583-2 

Modify  the  discharge  by  a  co-efRcient  (0)  before  applying  it,  to  find  the 
correct  head. 
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Approximate  Head  for  a  length  of  i  ooo  feet 


Fordis- 

ft 

For  diameters  in  feet 

Tabular 
aumbers  to  be 

charges  in 
cubic  feet 
per  second 

divided  by 

c/*  for  other 

diameters 

8 

4 

5 

6 

7 

Approxinu 

ite  head  of  wi 

Etter  in  feet 

1 

0-003 

0*0006 

0*0002 

0-00008 

0*00004 

0*6 

2 

O'OII 

00025 

0*0008 

0*00033 

0*00015 

2-6 

3 

0*024 

0*0057 

0*0018 

0-00075 

000035 

5-8 

4 

0043 

OOIOI 

0*0033 

0*00133 

0-00062 

10-4 

5 

0*067 

00158 

0*0052 

0 -00208 

0*00096 

i6-2 

6 

0*096 

0*0228 

0*0074 

0*00300 

0-00139 

233 

7 

0*131 

0*0310 

0-0I02 

0-00408 

000189 

3»-8 

8 

0*167 

0*0405 

00133 

0-00533 

0-00247 

4t-5 

9 

0*216 

00513 

o*oi68 

0-00675 

0-00312 

52-5 

10 

0*267 

0*0633 

0*0207 

O-C0833 

0-00386 

64-8 

IS 

o*6oo 

0*1424 

0*0466 

0*01875 

000868 

145-8 

20 

I  067 

0*2531 

00829 

003333 

0-0154! 

259-2 

25 

1*667 

0-3955 

0*1296 

0*05208 

0-02410 

405-0 

3a 

2*400 

0*5695 

0*1866 

0  07500 

0*03470 

5S3-2 

35 

3-267 

0*7752 

0*2540 

o- 10208 

0*04723 

7938 

40 

4267 

1*0132 

o-33"8 

013333 

0-06169 

1036*8 

45 

5*400 

1*2815 

0*4199 

0*16875 

0-07875 

1312*2 

50 

6*667 

1*5823 

0*5184 

0-20833 

0-09639 

1620*0 

55 

8067 

I -9143 

0*6273 

0*25208 

0-11663 

1960*2 

60 

9-600 

2*2781 

07465 

0-30000 

0*13880 

23328 

65 

1 1  267 

2*6736 

0-8761 

0-35208 

0-16289 

2737-8 

70 

13067 

3*1008 

1*0161 

040833 

0-18892 

3175-2 

75 

15000 

35596 

1-1664 

0-46875 

0-21687 

3645-0 

80 

16*678 

4*0500 

1*3271 

053333 

0-24675 

41 '7-2 

85 

19*267 

4-5721 

I  *4982 

0*60208 

0-27856 

4681*8 

90 

21*600 

5*1258 

I  -6796 

0-67500 

0-31230 

5248-8 

95 

24*067 

5*7112 

1*8714 

075208 

0*34796 

5848-2 

100 

6*3281 

2*0736 

0-83333 

0-38555 

6480- 

200 

25*3170 

18*2944 

3*33333 

I  *54222 

25920* 

300 

569530 

18*6624 

7-50000 

3*46998 

58320* 

Modify  the  discharge  by  a  co-efificient  (r)  before  applying  it,  to  find  the 
correct  head. 
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EXPLANATORY  EXAMPLES  TO  TABLE   VIIL 

Example  L 

What  is  the  discharge  of  a  new  glared  3-inch  pipe  having  a  faydiavfie 
slope  of  I  in  400  ;  and  what  would  be  its  least  full  dischai|^  ^rfien  old, 
irrespectively  of  sectional  obstruction  ? 

By  Table  VIIL,  Part  2,  the  approximate  discharge  is  -06  cabic  feet  per 
second  ;  and  by  the  Table  of  Co-efficients  (Table  XII.,  Part  3),  for  voy 
smooth  surfaces,  including  smooth  plaster,  and  enamelled  or  glazed  pipes, 
the  co-efficient  e  for  a  pipe  having  this  slope  and  a  hydraulic  radios, 
which  for  cylindrical  pipes  running  full  is  one-fourth  of  the  diameter  is 
'84;  hence  the  discharge  when  new  is  -  '84  x  *o6  «  '05  cubic  feet  per  second. 

If  preferred  in  any  other  unit,  refer  to  Tatle  II.,  Part  4»  p.  13,  by 
inspecting  which  we  find  this  to  be  18  gallons  per  minute. 

When  the  pipe  is  rather  old  its  surface  will  be  as  rough  as  that  of 
ordinary  metal,  and  taking  the  co-efficient  for  metal  with  this  slope  and 
radius  to  be  *6i ,  the  discharge  is  then  •-  '61  x  *o6  =  -037  cubic  feet  per  second 
or  14  gallons  per  minute. 

Note. — In  this  example,  the  co-efficient  adopted  for  roughness  (a)  of 
glazed  surfaces  is  O'oio,  and  that  for  unglazed  metal  surfaces  is  0013 ; 
the  corresponding  co-efficients  of  velocity  will  be  found  under  them  is 
Table  XIL 

Example  IL 

A  cylindrical  masonry  culvert  has  a  diameter  of  42  inches,  and  a  &1] 
of  5  in  I  000,  what  is  its  discharge  when  just  running  full  ? 

By  Part  2,  Table  VIIL,  the  approximate  discharge  is  63*63  cubic  feet 
per  second,  and  the  co-efficient  for  this  slope  and  a  hydraulic  radius  of 
•87s  feet  will  according  to  Table  XII.  be  I'lo  ;  hence  the  actual  discharge 
will  be  I  '10  X  63*63  =  70  cubic  feet  per  second. 

Note. — The  co-efficient  of  roughness  («)  for  new  ashlar  masonry  is 
0*013,  the  required  velocity  co-efficients  (0)  will  be  found  under  it  io 
Table  XIL 

Example  III. 

What  must  be  the  diameter  of  a  cylindrical  cast-iron  pipe  to  discharge 
20  cubic  feet  per  second  with  a  slope  of  one  in  500? 

By  Part  3,  Table  VIIL,  the  approximate  diameter  will  be  2*64  feet; 
and  hence  the  hydraulic  radius  is  0*66  feet ;  from  the  table  of  co-efficients 
(Table  XIL,  Part  3),  take  0«I'O3;  and  assuming  a  modified  dis- 
charge i^-  19*4,  refer  again  to  Part  3,  Table  VIIL,  and  obtain  a  tme 
c 

diameter  »  2*62  feet. 
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Example  4. 

A  series  of  glazed  pipes  has  a  total  head  of  30  feet,  and  consists  of 
3  600  feet  of  8-inch  pipe,  2  loO  feet  of  6-inch,  and  600  feet  of  5-inch ;  re- 
quired the  discharge  and  head  necessary  for  each  p'pe. 

Assume  any  discharge  as  I  cubic  foot  per  second,  and  obtahiing  the 
separate  tabular  heads  due  to  it  in  Part  4,  Table  VIII.,  divide  the  total 
head  in  the  same  proportion. 

4-921  X  3-6 -17-72  1772  x  30-^92=  677  feet 

20-736x2-1  a  43-55  4355  x  30-1-92  « 1415    „ 

61-598  X  0-6  =  30-95  30-95  x  30 -f- 92  =  10  08    „ 
Total  =  92  22  Total  -  30-  feet. 

Modifying  these  by  the  squares  of  the  suitable  co-efficients,  obtain  actual 
hends  for  a  first  approximation,  and  reduce  them  by  proportion. 


5-77-i-(-95)««   6-41 

14  15 -J- (-87)' =  18-92 

10-08-s-(84)«- 14-19 

Total  =  39-22 


6-41  X 30-r39-22=   490  feet  in  3 600 
18-62  x30-r 39-22  =  14-24    „    in  2  100 
14-19x30+39-22  =  10-86    „    in    600 
Total -30-  feet. 


The  discharge  =  - — =—  «  0-57  cubic  feet  per  second :  and  this  by  Table  II., 

V92 
Port  4,  is  213  gallons  per  minute. 


Example  5. 

A  discharge  of  300  gallons  per  minute  is  required  through  a  series  of 
ordinary  ir- n  pipes  composed  of  800  yards  of  7 -inch,  300  yards  of  6-inch, 
and  ICO  yards  of  5-inch ;  what  is  the  head  required  fur  each  pipe  ? 

By  Tables  of  Equivalents  (Part  4,  Table  II. )»  300  gallons  per  minute  = 
0'8  cubic  feet  p>er  second.  Taking  the  corresponding  tabular  heads  in 
Part  4,  Table  VIII.,  as  first  approximations,  and  modifying  these  by  the 
squares  of  the  suitable  co-efficients  given  in  Table  XII.,  we  get  the  true 
heads' thus: — 


Length.  Heads. 
7  inch    6-140  x  2-4  =  14-74 
6  inch  13  271x0-9  =11-94 
6  inch  33-023  X  0-3  -  9-91 

36-59  feet. 


True  Heads. 
14-74 -^(-66)«  =  33-60  feet 
1 1 -94 -r  (-63)* -29-85   „ 
9-91-r(-61)«  =  26  78   „ 

Total  90-13  feet. 


Note. — The  squares  and  the  reciprocals  required  with  co-efficients  can 
be  obtained  through  the  Table  of  Powers  and  Roots  in  the  Miscellaneous 
T«ibles. 
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Example  6. 

Required  the  dimensions  and  conditions  of  a  brickwork  sewer,  the 
section  Metropolitan  Ovoid,  to  discharge  50  cubic  feet  per  second ;  with  a 
hydraulic  slope,  or  fall  per  I  000  of  I  '40  feet,  when  running  just  fuO. 

By  inspecting  page  102,  Part  5,  Tahle  VIIL ;  the  mean  velocity  will  be 
3  92  feet  per  second,  and  the  transverse  diameter  will  be  3  feet  4  inches ; 
referring  to  Table  V. ,  Part  4,  page  58,  its  long  diameter  is  5  feet,  and  its 
sectional  area  1276  square  feet. 


Example  7. 

What  will  be  the  mean  vclvicity  in  the  sewer  last  mentioned,  when  its 
supply  is  reduced  so  that  it  runs  one-third  full,  that  is,  the  depth  of  liquid 
is  one-third  the  depth  of  the  sewer  ? 

By  Table  V.,  Part  4,  page  58,  the  section  of  flow  will  be  3-156  square 
feet,  and  the  hydraulic  radius  0*689  ^^^  ^^^  ^^  ^^  pcr  i  000  is  still  1*40 
feet.  By  interpolating  Part  i  of  Table  VIIL  at  page  85,  the  approximate 
velocity  is  3*098  feet  per  second  ;  and  obtaining  from  Table  XII.  the 
co-efHcient  suitable  to  these  values  of  R  and  S^  which  is  i  -08  ;  we  obtain 
the  true  velocity- 3 '098  x  1-08 -3 -.35  feet  per  second;  also  Q^AV» 
3*16  X  3*35»  10*59  cubic  feet  per  Second. 

Example  8. 

What  will  be  the  discharge  in  the  same  sewer  when  it  is  running  two- 
thiris  full,  or  filled  to  two- thirds  its  depth  ?  the  remaining  conditions  being 
as  before. 

By  Table  V.,  part  4,  page  58,  the  section  of  flow  will  be  8-4  square 
feet  and  the  hydraulic  radius  I  -052  feet ;  the  fall  per  I  COG  is  still  i  -40  feel. 
By  Table  XII.  the  co-efficient  of  velocity  under  n  =  0*013  w^iH  be  i  -18.  By 
interpolating  Part  I,  Table  VIIL,  page  85,  the  approximate  velocity  is 
3822;  hence  §«^  .  <?.  100^/^*8*4  x  1*18  x  3*822 -37 -88  cubic  feet  per 
second. 

Note. — Many  of  these  calculations  may  be  abbreviated  by  using 
accented  four-figure  logarithms.  For  tables  of  velocity  and  discharge  in 
culverts  and  pipes  of  various  sections  under  different  values  of  «,  see 
•  Canal  and  Culvert  Tables  *  (London:  Allen,  1878). 
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Table  IX.— BENDS  AND  OBSTRUCTIONS. 


Part  I.  Giving  loss  of  head  in  feet  due  to  bends  of  90^  in  pipes  cor* 
responding  to  certain  discharges.  —  (Weisbach  formula.) 

A'  =  —  ,  — ;  i?  «  radius  of  bend. 

Part  2.  Giving  loss  of  head  due  to  bends  in  channels  corresponding 
to  certain  velocities. — (Mississippi  formula.) 

V-JV.V'x  0001865. 

Part  3.  Giving  approximate  ri«e  of  water  in  feet  due  to  obstructions, 
bridges,  weirs,  &c.  : — (the  whole  section  of  water  beings  1),  and  corre- 
sponding to  certain  velocities. — (Dubuat  formula.) 

h'  -  ;r^(^  - 1 V  when  o  =  0-96. 

Noi'B. — This  table  does  not  allow  for  variable  co-efficients,  and  hence 
is  merely  generally  correct  for  ordinary  purposes. 
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BENDS  AND  OBSTRUCTIONS,     [tablb  tx.  part  i 


Part  i. — Table  giving  loss  of  head  due  to  one  bend  of  ^ 


Loss  of  head  of  water  in  lc«e 

Diameter  of 
pipe 

Radius  of 
beod 

0-01 

0-06 

01 

0-2 

0-S 

Feet 

Feet 

Corresponding  to  disdiarges  in  cuMc  fiwc  per  seooadfli 

(H 

*083 

•5 

•02 

•04 

•05 

•06 

^ 

(n 

•166 

•5 

•07 

•15 

*22 

•30 

•37 

(3") 

•25 

V 

•>5 

•34 

•49 

•69 

4 

(4") 

•33 

1' 

•26 

•59 

•84 

I -18 

l'4S 

(5") 

•416 

1-5 

•43 

•96 

1-33 

»*93 

2*36 

(6") 

•5 

1-5 

•61 

1*35 

1*92 

a-7i 

3'3a 

IT) 

•583 

1-6 

•81 

I -81 

2-56 

3-62         4-34 

(8") 

•66 

1-5 

I-06 

2-38 

3  34 

476           5-«3 

m 

•75 

1*5 

1*32 

2*94 

4*16 

5-89 

7-21 

(10") 

•83 

1-5 

I '57 

352 

4-98 

7-04 

8-63 

(11") 

•916 

1-5 

189 

4 '22 

596 

8-43 

10-33 

(12') 

1-0 

175 

2*27 

508 

7'i8 

10-16 

12-44 

1-25 

2' 

3-4 

77 

io*9 

15-4 

18-9 

1*5 

2-5 

S-o 

11*3 

159 

22-6 

27-6 

1-75 

3' 

6*9 

15*5 

21*9 

30-9 

37-9 

2^ 

4* 

9-4 

20*9 

29*6 

41-9 

SI -3 

2-25 

4*5 

II-8 

26'5 

38-5 

53 -o 

64^ 

2-5 

5-0 

14*6 

327 

46*2 

654 

8o-i 

275 

5-5 

177 

39*6 

56-0 

79-2 

97-0 

3' 

6- 

21*1 

ATI 

666 

94'2 

115-4 

3-25 

6*5 

247 

55*3 

78-2 

IIO-6 

'35*4 

3-5 

7' 

287 

64*1 

907 

1282 

iq7-i 

375 

7'5 

32-9 

73'6 

104*1 

147-2 

180-3 

4' 

8- 

37  3 

83-9 

1187 

167-9 

205-6 

4*5 

9- 

47 '4 

lOf)"© 

149-9 

212*0 

259*6 

5' 

10 

58-5 

130-9 

185-1 

261-7 

320-5 

5-5 

11- 

71- 

158- 

224- 

317- 

388- 

6' 

12- 

84- 

i88- 

266* 

377" 

462* 

6*5 

13" 

99. 

221* 

313- 

442- 

542- 

7' 

14* 

"5-. 

336- 

363- 

513- 

628- 

Note. — Interpolate  the  given  discharge  in  the  horizontal  line  conesponding  t 
line.     See  example  following  the  table. 


TABLE  IX.  PART  i]    BEHDS  AND  OBSTRUCTIOSS, 
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'tt  cylindrical  pipes  with  different  discharges. 


Loas  of  head  of  water  in  feet                                                           1 

0  4 

0-5 

0*6 

07 

08 

0-e 

1 

a      j 

Cor 

responding  t 

0  discharge 

%  in  cubic  fee 

t  per  second  of 

1 

1 

•10 

•12 

•13 

•14 

•15 

•16 

•J17 

1 
•23  ; 

•43 

•48 

•S3 

57 

•61 

•64 

•68 

•96 

•97 

I -08 

1*19 

1-28 

1-37 

I  46 

51-53 

217     , 

1-66 

1*87 

2*05 

2*21 

2  36 

2*51 

2*64 

3*74    ; 

2-66 

3-05 

3*34 

3-61 

3-86 

4*00 

4 -3  J 

6*09 

3-83 

4*29 

4*69 

5-07 

5*42 

5*75 

6-06 

8-55    ' 

5*12 

0*69 

5*73 
7-52 

6-28 
8*24 

6*78 
8-90 

7-25 
052 

769 
10  03 

S'lo 
10*64 

11*46 
15-05 

8-33 

931 

10-20 

1 1  02 

1 1 78 

1249 

lyii 

18*58 

9-96 

1113 

12-20 

13-18 

1409 

14-94 

»5*75 

22-27 

11*92 

13-34 

14*61 

15*78 

16-87 

17-89 

18-86 

26*67 

14-36 

i6'o6 

17-60 

19*01 

20*32 

21-55 

22-71 

32*12 

21-8 

244 

26*7 

289 

30*9 

32 -7 

34-5 

48*1 

3"  9 

35-7 

39*1 

42*2 

45-> 

47*9 

50*4 

71-4 

437 

489 

53*5 

578 

61-8 

65*6 
88-8 

69*1 

977 

59-2 

66*2 

72-5 

78-3 

837 

93*6 

132*4 

74*9 

83-8 

91*8 

992 

106-0 

112*4 

118-5 

167*6 

924 

103-4 

i«3'3 

122-4 

1.^0-9 

138-8 

1463 

206*9 

112*0 

I2J-2 

1371 

148*1 

i>8-3 

167-9 

177-0 

250-3 

>33-2 

148-9 

163-2 

176*3 

188*4 

199*9 

2107 

297*9 

1564 

1748 

191-5 

206 -9 

22I-I 

2346 

247-2 

3497 

IS  I -3 

202 -8 

222*1 

239-9 

256-4 

272*0 

2867 

405-5 

20S-2 

232-8 

255-0 

275*4 

294-4 

311-'! 

329-2 

465-5     ; 

237-4 

2654 

290-8 

3141 

335*8 

356*1 

375*4 

530-9 

1 

299*8 

335*2 

367-2 

396-6 

4240 

4497 

474-0 

6704 

370*1 

413-8 

4533 

4896 

523-4 

«;SS-2 

585^2 
708* 

8276 

448* 

501- 

548- 

502* 

633* 

672* 

1001* 

533^ 

596- 

653* 

705- 

754- 

800* 

843- 

1192* 

625* 

699- 

766* 

827* 

885- 

938- 
108S* 

989- 

1399-        1 

725- 

8ii* 

888* 

960* 

1026' 

1147' 

1622* 

ihe  given  diameter  of  pipe,  and  obtain  the  loss  of  head  by  interpolation  in  the  head 
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Part  a. — Loss  of/uad  due  to  Setids  e/  CJtamnA. 


Are  of  bod 

'"'""' 

10" 

1S» 

So* 

60= 

- 

- 

Lou  of 

«dinfr« 

0'!S 

-0000 

'OOOt 

■OOOt 

■oooa 

■0003 

tm 

0-S 

■0009 

•0014 

tMl 

0-re 

■0003 

■0005 

■0011 

■OOII 

■0031 

trf] 

1- 

■0006 

■0009 

■ODI9 

■0037 

■0056 

■OdJ 

t'2S 
1-5 

■0009 

•0015 

■0OJ9 

■0058 

x«87 

■oi;s 
■ojp 

1-75 

■0019 

•0029 

■0057 

■0113 

■0171 

■om 

^ 

.OOIJ 

■0050 

■0075 

■0149 

■0224 

■0(tS 

2'25 

■0031 

•0047 

•0094 

■0.89 

■02S4 

■Oj'* 

Z'S 

■0039 

■0058 

■0117 

■0133 

■0349 

■c*w 

2-75 

•0047 

■0071 

■014 1 

■oiSi 

-0423 

«E46 

3' 

□056 

■0084 

■016S 

■0336 

-0504 

■1007 

3'2S 

■0099 

■0197 

■0394 

■0591 

'lib 

3-S 

-D076 

■oaa? 

■0457 

-06SS 

■ijTi 

3?5 

■00S7 

■0131 

■0162 

■0514 

■0786 

■1573 

a- 

■0099 

■0149 

■019S 

■059? 

■0S95 

"'79° 

i'25 

■0103 

■or64 

■0327 

■0674 

4'5 

■0126 

■o[H9 

•0378 

■0755 

■113J 

-1266 

47S 

■0140 

■0421 

^.842 

■126a 

■35JS 

&■ 

■0114 

■OJ33 

■0466 

■'343 

■1399 

■a7o< 

5-5 

■018  a 
■0336 

s?; 

■169* 
-2014 

:SS 

6-5 

■0363 

■0394 

■07H8 

■'576 

■2364 

-472S 

?■ 

■0305 

■D457 

■0914 

■i8iS 

■274a 

•54K3 

7-6 

■0350 

■"525 

■1049 

■2098 

■3147 

-6^ 

8> 

■0398 

■0597 

■1194 

^387 

■3SS. 

■iTi 

a-s 

■0449 

■0674 

■1347 

■369s 

■4042 

■SoSs 

9- 

■0503 

■0756 

■IS"' 

■45  3» 

-9°64 

M 

■056. 

■ol*42 

■t68, 

■3366 

■5049 

i-0099 

ll> 

■o6jj 

•0933 

-.865 

■3730 

-5595 
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Part  3. — Rise  from  Obstructions  in  Channels, 


Antecedent 

Proportion  of  Section  Obstructed 

velocity  in 
feet  per 

second 

01 

0*2 

03 

04 

as 

0-6 

Rise 

in  feet 

0'25 

o-ooo 

OtX)I 

0*001 

0-002 

0-003 

o-oo6 

05 

0001 

0*002 

0-004 

0*008 

0*013 

0-022 

075 

0-002 

0*005 

0010 

0-017 

0028 

0*050 

1' 

0004 

0*009 

0-018 

0-031 

0-051 

0*089 

1-25 

o*oo6 

0*015 

0*028 

0*047 

0*079 

0136 

1'6 

o-cx)9 

0*022 

0*040 

o*o68 

0*114 

0*199 

175 

0-0I2 

0-029 

0054   . 

0092 

0*155 

0*272 

2' 

0*015 

0038 

0-070 

0-120 

0*203 

0-355 

2-25 

0020 

0-048 

0-0^9 

0*152 

0257 

0*499 

2-5 

0-024 

0*060 

o-iio 

0*188 

0-317 

0-555 

275 

0-029 

0-072 

0133 

0-227 

0383 

0*671 

3- 

0-035 

0*086 

0-158 

0*271 

0456 

0*798 

3'25 

0041 

0*101 

0*192 

0*318 

0536 

0937 

3-5 

0*048 

0*117 

0*215 

0*369 

0621 

1-087 

375 

0055 

0*134 

0*247 

0423 

0*713 

1248 

1 

4- 

0*062 

0153 

0-281 

0*481 

oSii 

1 
1*420 

4'25 

0070 

0-173 

0-318 

0543 

0916 

1-603 

4-5 

0*079 

0*194 

0356 

0*609 

I  027 

1*797 

475 

0*088 

0'2l6 

0394 

0-679 

1*144 

2*002 

5' 

0*097 

0-239 

0-439 

0*752 

1*268 

2*218 

5*5 

o*ii8 

0*289 

0532 

0  910 

I  53* 

2*684 

6" 

0*140 

0344 

0633 

1-083 

1*825 

3»94 

05 

0*164 

0*404 

0*768 

I -271 

2-142 

3748 

7' 

0*191 

0*468 

0861 

I  474 

2484 

4'347 

7-5 

0-219 

0-538 

0*989 

1*692 

2*852 

4-991 

8- 

0*249 

o*6ii 

I  125 

1*925 

3245 

5*678 

8'5 

0281 

0-691 

1*270 

2-173 

3663 

6*410 

9- 

o-3>5 

0*774 

1-424 

2-436 

4  107 

7-186 

9-6 

o-35» 

0-863 

1*587 

2*715 

4-576 

8-007 

10 

0-389 

0956 

1*758 

3-008 

5*070 

8*872 
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EXPLANATORY  EXAMPLES    TO  TABLE  DC 

Example  i. 

A  series  of  pipes  have  to  discharge  5  gallofis  per  second  ;  there  a 
bends  in  the  portion  that  consists  of  5-inch  pipe,  4  in  that  of  6-iBck  \ 
and  8  in  that  of  7-inch  pipe ;  what  is  the  total  loss  of  head  ob  afCT— 
these  bends  ? 

From  Table  IL  Part  4,  page  13,  5  galloiis  per  second -taS  cnbic 
per  second.    Taking  the  heads  separately  from  Table  IX.  Put  i, 

7  bends  in  5-inch  give  7  x  (H)46  «•  (h315  feet. 
*     M      ,.6    „      „    4x(H)30»0-120    ,, 
S     M      M  7    „      „    8x(H)10-O-O8O    „ 
Total  loss  of  head  «  0*615  feet. 


The  head  on  the  pipes  must  therefore  not  only  be  sufficient  to  fiaa 
cubic  feet  per  second  through  the  pii>es  under  ordinary  rooditiow. 
must  also  be  increased  by  0'5I5  feet  on  account  of  bends. 


Example  2. 

A  channel  has  one  bend  of  15®,  two  of  50®,  and  one  of  90^,  what  I 
total  loss  of  head  expended  in  overcoming  these  bends,  wben  the  vtl 
is  5  feet  per  second  ? 

From  Part  2,  Table  IX. 

1  bend  of  16®  gives  1  x 00283 » 0*0233  feet. 
3     »     n  30*>     „     2x004«6  =  00982    „ 
1     »      »  »0*>    „     1x01399  =  01399    „ 
Total  head  expended  «0  2564  feet. 

Example  3. 

A  channel  having  a  hydraulic  slope  le^s  than  otx>i  has  its  sectioo 
structed  by  the  piers  and  abutments  of  a  bridge  to  the  extent  of  one-f 
the  normal  velocity  being  3*5  per  second,  what  is  the  rise  caused  by 
bridge? 

By  Part  3,  Table  IX.,  the  rise  will  be  01 17  feet. 

Note. — For  channels  having  steeper  hydraulic  slopes,  that  is,  fiJ] 
more  than  i  foot  in  i  000,  apply  a  correction  according  to  the  formula  gi 
in  the  text,  page  106. 
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Table  X.— ORIFICES  AND  OVERFALLS. 


Velocities  of  discharge  in  feet  per  second  for  sluices,  and  orifices,  doe 

to  varioas  heads  for  certain  co-efficients,  also  theoretical  velocities    to 

which  any  co-efficient  may  be  applied;    being  an  application  of  the 

fomrala 

r««x  8-025 -•jsr, 

where  for  orifices  J7»  depth  of  centre  of  motion  of  orifice. 

The  same  table  also  applies  to  overfalls,  weirs,  and  notches,  bat  in  this 
case  using  the  same  general  formula,  H  is  the  depth  from  still  water  to 
cill-level;  but  the  velocity  given  in  the  table  must  be  reduced  by  one- 
third  to  obtain  velocity  of  discharge  for  any  overfall,  as  by  formula 

F-}.  Ox 8026 -•JJ. 

For  values  of  (o)  the  co-efficient,  see  Parts  5  and  6,  Table  XIL 
This  table  can  also  be  used  for  the  converse  purpose. 
To  obtain  the  discharge  (0  in  either  case 

wImk  a  u  the  bydniulic  section,  tee  text,  ptge  115. 
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Table  X. — Orifices  and  Overfalls, 


EfTcctive 

liead  in 

feet 

CO-EFPICIBNTS 

For  natural 
velocity 

For  narrow 
bridge- 
openings 

\  or  velodty- 
A  approach 

For  special 
wein 

For  raecia] 
orifioes 

• 

F«M 

1- 

0- 

8* 

7- 

e- 

6* 

Velocities  0 

f  discharge 

1 

1 

•01 

•803 

722 

-642 

•562 

'4^2            '401 

•02 

«  «35 

I '02 1 

•908 

794 

-681 

•567    . 

•03 

I  390 

1*251 

I-II2 

•973 

•834 

^! 

•04 

1*605 

I '445 

1-284 

I'I23 

•963 

-803 

•05 

1794 

1*615 

1*435 

1*256 

1-076 

-897 ' 

•06 

1-966 

1*769 

1*573 

1*376 

i*i8o 

•983 

•07 

2-123 

I '91 1 

1*698 

1*486 

1*274           1*062 

•08 

2-270 

2-043 

I -816 

1*589 

I  362           1-135 

•09 

2-408 

2*167 

1*926 

1*686 

"•445 

1-204 

•1 

2538 

2*284 

2*030 

1*777 

^'S^Z 

1-269 

•2 

3589 

3*230 

2871 

2*512 

2-153           1794 

'3 

4395 

3956 

3*516 

3*078 

2-637 

2-198 

•4 

5*075 

4-568 

4*060 

3-553 

3045 

2538 

'5 

5*675 

5-108 

4*540 

3*973 

3405           2837 

.  '6 

6*216 

5*594 

4*973 

4351 

3*730          3 -108 

1 

6-714 

6-043 

5*371 

4*700 

4*028          3-352 

•8 

7*178 

6*460 

5*742 

5*025 

4307           3*589 

•9 

7*613 

6*852 

6*090 

5*329 

4*568 

3807 

V 

8025 

7*223 

6*420 

5*6i8 

4*815 

4-013 

N.B.— For  overfalls,  reduce  the  tabular  velocity  by  one-third. 
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Table  X. — «mtinu€£L 


Effective 

head  in 

feet 

CO-KFPICIKNTS 

For  wide 
bridge- 
openings 

For  lock 
sluices 

For  special 
weirs 

For  weirs 
generally 

For  orifices 
generally 

For  special 
orifices 

'96 

-84 

•727 

'666 

-62 

•66 

• 

Velocities  of 

discharge 

•01 

770 

•674 

•584 

-535 

498 

441 

•(« 

1-089 

•953 

'825 

•756 

-704 

*624 

•03 

1-334 

1-168 

I -01 1 

•926 

862 

•765 

•04 

I '541 

1-348 

1*167 

1*069 

-995 

-883 

•OS 

1722 

1-507 

1-304 

1*185 

1*112 

•9S7 

•06 

1-887 

I -651 

1-429 

1-309 

1*219 

I -081 

•07 

2-038 

1783 

1-543 

1*414 

I316 

1*169 

•08 

2-179 

1-907 

1-650 

1*512 

1*407 

1-249 

•09 

2-311 

2-023 

1-751 

1-604 

1*493 

1-324 

•1 

2-436 

2-132 

1-845 

1*690 

1-574 

1-396 

•2 

3*445 

3014 

2*609 

2*390 

2*225 

1-973 

•3 

4-219 

3-694 

3195 

2-927 

2725 

2-418 

•4 

4872 

4-264 

3689 

3380 

3-147 

2-792 

•5 

5-448 

4-768 

4*126 

3-780 

3-5«9 

3121 

•6 

5-968 

5-221 

4*5 » 9 

4-140 

3-854 

3419 

•7 

6-445 

5-640 

4-881 

4-471 

4-163 

3-687 

•8 

6890 

6-030 

5-218 

4-781 

4-450 

3-948 

•9 

7-308 

6-395 

5  535 

5-070 

4-720 

4*187 

1- 

7-704 

6-742 

5-834 

5-345 

4-976 

4-414 

N.B. — For  overfalls,  reduce  the  tabular  velocity  by  one-third. 


ORIFICES  AND  OVSRFAIJ^ 


Table  '^—^ntimmed. 


Co-wr 

C,„T, 

Fot  lutunl 

Fo-nuTO- 

To, 

ForipKiil 

'-:,s^ 

ForlnJ 

1 

•0 

B 

7 

■6 

1 

Vcloritici  0 

fdi.«h..Ec 

1, 

8-twso 

7-223 

6-420 

S-6i8 

4-8,15 

4-01] 

1'26 

S-97" 

Bc7s 

7-178 

6-281 

5-3S3 

4*486 

t'S 

9'S3S6 

8846 

7-863 

6-880 

S-897 

4'9t5 

1'75 

i9-6i6i 

9;5S4 

8-943 

7431 

6-370 
6-809 

IS 

1- 

n-349i 

9-079 

7-944 

2-% 

12  0375 

Io-834 

9-630 

8426 

7-333 

2-!> 

n-6886 

11 -420 

10-151 

88S2 

7-613 

6K 

■i-TS 

3- 

3-2b 

138997 
'  4 '4673 

11-977 
12510 

13-oia 

10-646 
11574 

9-316 
9730 
10127 

11 

6-6> 
6,, 

S'5 

3-5 

IS '0134 

13-51  = 

10509 

9-008 

3' 75 

■55403 

13-986 

■  2-432 

10-878 

9-314 

4' 

l*-445 

12840 

11-235 

9-630 

d'2S 

165439 

14 -890 

t3-».'5 

11581 

9  926 

n 

i'b 

170235 

15-322 

13619 

11916 

10  214 

4-76 

17-4901 

15741 

13992 

12-243 

10-494 

S-74 
S-97 

5' 

17-9444 

16-150 

14-355 

1256. 

.0-767 

MS 

i8;876 

16549 

14-710 

12-871 

(.-033 
1 1  292 

9-19 

frS 

.8'8:o3 

18-938 

15056 

13-174 

£■75 

19  ■2433 

I7  3"9 

'5  395 

13  ■■170 

«»S46 

962 
9-S2. 
10-03 
loaj. 
10-431 

c- 

19-6571 

17-69. 

iS-7»6 

13760 

11-794 

625 

100625 

18057 

16-050 

14-044 

12-038 

G'6 

IO-4S98 

18-414 

.6-368 

14-322 

I  a -276 

675 

20-S496 

18-765 

16 -680 

'4--95 

12-510 

7' 

11-2322 

19-109 

i6r.86 

14-803 

'2-739 

7'25 

21-6079 

19447 

17-286 

15126 

llTd 

to804 
10-989 

7'S 

a '■9774 

16779 

17-582 

"5 -384 

776 

32-3406 

20107 

17-873 

15-638 

13-404 

II-I7I 
"1-349 

8- 

22-6981 

20-428 

18-158 

15869 

■361^ 

N.B.— Fot  omUl*,  reduce  the  ubulu  velocity  by  onemiiid. 
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Table  X, — continued. 


as 

Co-Mf 

C1«NT9 

Foiwidc 
bridge 

'SS 

ForipicLd 

Foi  .-cir. 

^Siily' 

'■iE" 

sa 

-B4 

■737 

-666 

■63 

-ss 

Vclodli«  0 

diKluuge 

V 

7704 

6741 

5-836 

5-345 

4-975 

4  ■41 3 

I-2S 

8 '6 14 

7'S37 

6'5^5 

5976 

5-562 

4^934 

1-50 

9-436 

8-256 

7 -.47 

6546 

6-109 

5-420 

176 

fo  192 

8-9.8 

7730 

7«7' 

6582 

5-S39 

!■ 

iO'895 

9-533 

8-253 

7-558 

6-936 

6^241 

!-25 

ii'SS6 

8754 

8-017 

7 '461 

6-621 

J-SD 

12-.§. 

10-659 

9-227 

8-451 

7-867 

6^978 

275 

12776 

11-179 

9-678 

8-863 

8-251 

7-3 '9 

3- 

'3*344 

1 1  '676 

lo-ioS 

9-257 

8-6.8 

7D45 

3'2S 

■3-879 

12-153 

10-531 

963s 

8-825 

7  957 

3-50 

14-413 

109.8 

9-999 

9^308 

8^;sS 

375 

U9'q 

"3-"54 

11-301 

10-350 

9-635 

8-547 

4- 

■5-408 

13-48^ 

I. -672 

106S9 

9-95' 

8827 

4'3S 

15882 

13897 

I J -027 

11 -018 

10^257 

9099 

4'5a 

16-343 

14-300 

.2-3S0 

..■338 

.0-SS4 

9  363 

475 

i6'8oo 

14-695 

i2'7[8 

.■■651 

.o^846 

9622 

s- 

17-227 

'5 -074 

13-049 

11-953 

10-.21 

9-865 

$■25 

17-652 

15446 

13-372 

12-247 

11-400 

10-113 

6-50 

18 '068 

>S-8°9 

.2-534 

11-669 

10-351 

Wlh 

18-474 

16165 

.3-994 

.28.7 

I. -93. 

.0-5B4 

6' 

18-871 

.6-5.2 

■4-295 

13 -09a 

12-188 

10-812 

6'25 

19J6P 

■6-853 

■4'S9o 

.3-j6i 

12-439 

11034 

eso 

I9-643 

I7-I87 

■4-879 

.3-6^7 

.2-685 

11-253 

6-75 

>7-5'4 

.5-162 

13-886 

12-927 

11-467 

V 

2038J 

'7-KiS 

IS -440 

13-164 

11-688 

Mb 

20744 

l8'lSi 

157.4 

■4-391 

13-402 

1.-8S9 

7-SO 

11-099 

18-481 

.5-982 

■4 -637 

13626 

12-082 

775 

21-447 

.8767 

16-246 

14-879 

I3-8S' 

12-287 

8- 

21791 

19-067 

16-506 

15-117 

■4-073 

.24S4 

—For  overUU,  leduce  the  tibulu-  velocit]'  by  oDe-thinl. 
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TaBLS   '^.—(ontinn^ 


Co-nr 

C.«.« 

fo,  mluii 

3£: 

For«l«c;„ 

For.|«c«l 

ForlDCCUl 

F«tn«- 

"...'° 

vilcciiy 

..rifia. 

"^ 

^■ 

g 

'8 

■7 

-e 

■6 

VtlwiliooTdiKJurgc 

8'25 

2_1-05I 

10746 

l8-44< 

16-135 

"3-831 

::^ 

8sn 

23-3"7 

11 -057 

18-717 

16-377 

14-032 

^If, 

*J739 

l,-365 

18992 

16-617 

U-3.T3 

■  ■il69 

9' 

14-076 

21-668 

19-261 

16-S53 

17-085 

'4-44S 

13-Ojg 

9'!5 

24-408 

21-996 

19526 

■4-645 

ia-»Q| 

9'SO 

J4;:js 

12-261 

197!^ 

J7-3'6 

u-s-i 

13-36: 

975 

"•553 

10047 

•7-541 

•5-035 

I2-JI9 

IB' 

25 '378 

22-840 

10-302 

17-764 

15-227 

12-6S9 

il>5 

16-005 

13-404 

10804 

18-203 

15603 

13  001    ' 

16-6.7 

13 '955 

11-293 

18631 

1 5 -970 

'3-30S 

ll-S 

17-115 

24-493 

21-772 

19 -050 

16-329 

'3^7 

12' 

27-800 

3S-O20 

22-240 

19-460 

16-6-0 

13-900 

12-5 

2S-373 

25 '535 

23 -698 

19-861 

17-024 

14-JSo 

13' 

^^■9i5 

33-148 

20-254 

17-361 

14-467 

i3'5 

^9'4S6 

26-545 

23-596 

30-646 

17-697 

■4  747 

14' 

30-027 

27-024 

31-019 

1S-016 

15-013 

\i-h 

30-559 

27'5"3 

34-447 

21-391 

'8-J35 

15279 

15' 

,ll-o«( 

27*973 

24-S64 

31-756 

tS-648 

'5-540 

15' 

3' -594 

38-434 

25-275 

221IS 

18-956 

'5  "797 

16'5 

32  101 

38-89 1 

35681 

22-470 

(9-261 

IB'S 

32'598 

29338 

16-078 

32-8l8 

•9'5SS 

■  6-299 

'T 

33'oS9 

29-780 

26-471 

I3-I62 

19-853 

16-544    ' 

i7'5 

33-572 

30-214 

26-857 

23500 

20-143 

16-786 

18' 

34-04« 

30-643 

27-338 

23-833 

20-429 

17-024 

!8'5 

34-518 

31-066 

27-614 

24-.62 

20-711 

17-259 

19' 

34-981 

3'  -483 

27-985 

34-486 

20988 

17-490 

195 

35-438 

31-894 

28-350 

24-806 

2.-*83 

17-719 

2^ 

35 '889 

32-300 

29-711 

25-123 

21-533 

'7-944 

—For  oreriiUIs,  Kduce  the  Ububur  velocity  bj  one-thud. 
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Table  X. — continued. 


Effective 

head  in 

feet 

CO-BFFICIRNTS 

For  wide 
bridge- 
openings 

For  lock 
sluices 

For  special 
weirs 

For  weirs 

generally 

For  orifices 
generally 

For  special 
orinces 

96 

'84 

•727 

•eee 

'62 

•66 

Velocities  of  discharge 

8-25 

22-129 

19*362 

16762 

15*352 

14*292 

12-677 

8-50 

22*461 

19^54 

17*014 

15-582 

14*506 

12*867 

875 

22789 

19-941 

17-265 
17*508 

15*010 

14-718 

13-056 

9- 

23-112 

20-223 

16034 

14-927 

13-242 

9'25 

23  •43* 

20-502 

»7*749 

16-256 

15-133 

13*424 

9*50 

23746 

20-778 

17*987 

16-473 

15-336 

13-604 

9-75 

24-056 

28-049 

18*223 

16-689 

15*536 

13*782 

10 

24*363 

21-317 

18-455 

16*902 

15*734 

13*958 

ID'S 

24-964 

21-844 

18*910 

17*112 

16*123 

14*302 

11- 

25552 

22-358 

19-355 

17*727 

16*502 

14*639 

11-5 

26*126 

22-860 

19791 

18*125 

16*873 

14-968 

12- 

26688 

23*352 

20'2l6 

18*515 

17-236 

15*290 

12*5 

27-238 

23*834 

20-653 

18*897 

17-591 

15-605 

13' 

27778 

24306 

21*042 

19*271 

17*940 

15-914 

13'5 

28-307 

24769 

21*442 

19*637 

18*287 

16*222 

14' 

28-826 

25*223 

21*836 

19*998 

18-617 

l6-qi4 
16-807 

14' 5 

29337 

25*670 

22-222 

20*352 

18*946 

16- 

29838 

26-108 

22-602 

20  700 

19*270 

17094 

15'5 

30-331 

26-540 

22  976 

21*042 

19*588 

17*377 

16- 

30*817 

26-965 

23344 

21*379 

19*903 

17-655 

16-5 

31. 294 

27*383 

23-706 

21*711 

20-207 

17*929 

17- 

31765 

27*794 

24*062 

22037 

20-515 

18-198 

17'6 

32-229 

28  200 

24*413 

22*358 

20-815 

18*465 

IB- 

32686 

28600 

24760 

22-676 

2I'IIO 

18726 

IS'S 

33137 

28995 

25-101 

22988 

21-391 

18*985 

19- 

33-582 

29*384 

25438 

23298 

21-688 

19239 

19-5 

34 -021 

29768 

25771 

23*602 

21-991 

19*491 

20' 

34*454 

30*147 

26*091 

23-902 

22*251 

19*739 

N.B. — For  overfalls,  reduce  the  tabular  velocity  by  oDe-third. 
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Tabu  X.— ^wtft'nw/. 


C«rr<c»-n                                                     1 

CfKlm 

Foe 

P«»TO« 

r- 

Fa. 

r<v 

fWk««- 

Btu*l 

Mdtt- 

Hl«IT>< 

vol 

tmt 

iriodr, 

ot-ino 

1 

■9 

■« 

T 

-« 

-s 

20-5 

36336 

3170* 

29-068 

35-435 

ai-8oi 

I8-I6S 

21- 

36776 

33t*)8 

29-*» 

>S-743 

M-066 

18  3« 

21-5 

37-1" 

33490 

39768 

i6t)47 

M-3J7 

■  S<o5 

22- 

37-641 

33877 

30-112 

a6-348 

s:J2 

I$«M 

Z2'S 

3S-a>7 

34-160 

30-453 

26-646 

:?5J 

23- 

38-487 

34-647 

30-797 

*6-94« 

23^098 

23-5 

38-903 

35  on 

3i-i2a 

27132 

23'34a 

19-431 

2*' 

39JIS 

35-383 

3i-4Sa 

27-S30 

23-589 

19-657 

245 

39-J2J 

3575° 

31-778 

27806 

»3-834 

■9'86i 

2S- 

4D'ia6 

36-U3 

32-100 

28138S 

W07S 

*«63 

2fr5 

40-SJS 

36-472 

32-4H' 

ss 

"4-3 'S 

ao-36i 

2G- 

40-911 

36-379 

33737 

>4-5S3 
14-787 

*0  4&> 

2£'5 

41-311 

37-180 

33-049 

28^18 

30656 

27' 

41-700 

J7-530 

33360 

J9-'9o 

JS-oao 

ao-850 

27'5 

4J-084 

33-667 

29-458 

aS^So 

ai-o4» 

28- 

41-465 

33-973 

29-725 

25-479 

ai-sja 

28-5 

4J-843 

38-558 

34-37S 

29990 

25706 

21-421 

J9- 

43216 

38-890 

34-569 

30248 

251)27 

i(-6o6 

29-S 

43-588 

39-219 

34-8;o 

30511 

16-153 

21-794 

30- 

43-956 

39-560 

35-164 

30779 

26-374 

21-978 

SO-G 

44-3*0 

39-888 

35-456 

31-024 

16-592 

22-160 

31' 

44-632 

40-213 

35  745 

31  277 

26-809 

22-340 

31-5 

45-041 

10537 

3&-o3a 

31528 

27-025 
27-238 

M-530 

32- 

4S  '397 

40-857 

36-3 '7 

3'778 

««98 

32'5 

4S75" 

4.176 

36-601 

32-015 

a7-45> 

aa-S7S 

.■Q- 

46101 

36-880 

32170 

^'1^ 

33-050 

av6 

46449 

41-S04 

37-159 

32SM 

17869 

23224 

3i' 

46-794 

37*435 

32755 

28-076 

23-397 

31' 5 

47-'37 

41413 

37709 

32-996 

28282 

23-568 

3fr 

47  ■478 

4J730 

37-982 

33-^34 

28-487 

23-739 

N.B.— For  overfall*,  reduce  the  tabulu  vdoctty  ^  ooe-third. 
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Table  X. — eeniinued. 


feet"" 

— • 

bridp=- 

For  lock 

FKn«:iil 

FDC«il» 

Farcrific*. 
e.ntnlly 

'•;xr' 

■06 

■84 

■737 

-668 

-ea 

■ss 

V»l«i.kj 

fdiKhJugo 

2ftS 

34-88a 

30-522 

26-423 

24-199 

22-528 

19-98; 

!!■ 

35-305 

30892 

26-737 

24-493 

22-701 

20-227 

ZI'S 

35723 

31*57 

37-060 

24783 

22-971 

20-465 

22- 

36136 

31-619 

27-373 

25-069 

23337 

20702 

22-S 

36-544 

3.-976 

27-6K2 

25-353 

23'fel 

20-936 

23- 

30948 

32-329 

27-998 

25-633 

23-868 

21-228 

23'5 

37 '347 

32-679 

28-291 

25910 

24-120 

21396 

2i- 

37  743 

33-025 

38 -590 

j6^iS4 

24-375 

21-623 

24'6 

3S134 

33-367 

38-886 

26455 

24-62S 

2.-S47 

25- 

38-521 

33706 

29180 

26-724 

24-878 

22-069 

25-S 

38-904 

34041 

39-470 

26-990 

IS'IJS 

22-288 

26' 

39'J84 

34  373 

29757 

27-253 

25  ■371 

22 -501, 

2&5 

39-660 

34-701 

30-041 

27-514 

25-6>3 

22-7Ii 

27- 

40 

031 

35-018 

30-334 

27-761 

25-854 

22-935 

27'S 

40 

35JS1 

39-604 

2S-028 

26-092 

23-146 

2fr 

40 

767 

35-671 

3088. 

28-282 

26-328 

23-355 

2fl'5 

41 

129 

35-988 

31-ISS 

28-533 

26-563 

23-563 

29- 

41 

488 

36-301 

31-427 

28-782 

26 ■69' 

23-766 

29-6 

844 

36-6.4 

31 -697 

29-029 

27-024 

23-973 

30 

43-197 

36923 

3' -956 

29-274 

27-253 

24-176 

30-S 

42-548 

37-239 

32-230 

29-517 

27-478 

24-376 

31' 

41-895 

37-533 

32-493 

29-758 

27-703 

24-574 

31-S 

43-240 

37-SiS 

32754 

29-997 

27-925 

24772 

r- 

43'5S' 

38 -iM 

33-013 

30-234 

28-146 

24-968 

325 

43920 

3S-430 

33170 

30-470 

28365 

25-162 

33' 

44-^57 

38-725 

33525 
33  ■778 

30^703 

28-582 

25-355 

33-5 

44'S9' 

39-017 

3093s 

28-798 

25-546 

3«' 

44923 

39' 307 

34-029 

3i-'6S 

29-012 

25-737 

34'5 

45-252 

39-595 

34  ■27a 

3" '.'93 

29-225 

25925 

35- 

45-578 

39-S81 

34-526 

3 1  ■620 

29-436 

261 13 

N.B. — Foi  ovet&ll%  fcdncc  the  tabulu  Tclodljr  bjr  aiie-diird. 
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EXPLANATORY  EXAMPLES  TO   TABI£  X. 

Example   i. 

An  orifice  6  inches  in  diameter,  has  its  centre  under  a  head  of  5  fiBd  of 
water  ;  required  its  discharge. 

For  a  circular  orifice  using  *62  for  a  co-efficient,  the  yelocitj  of  di»> 
charge  is  1 1*121  feet  per  second,  and  the  sectional  area,  according  to  ftxt 
7,  Table  XII.,  being  1963,  the  discharge's '1963  x  11-121  —  2*1836  cubic 
feet  per  second. 

Example  2. 

A  rectangular  orifice  is  8  inches  broad  and  4  inches  deep,  and  is  noder 
an  eflfective  head  of  4  feet  3  inches  ;  required  its  discharge. 

Since  the  breadth  is  greater  than  the  depth,  a  special  co-efficient  is 
required.     {Su  Co-efficients  in  Table  XII.) 

„       H    4-26    -  •      •  1     «  J  ^     '33     -.  ^ 

Here  --  «  — —  =  7  approximately,  and  —=  —  bO'5. 
Jj       'G6  L     '66 

These  require  a  co-efiicient  *612,  which  must  hence  be  applied  to  the 
tabular  discharge  for  natural  velocity  due  to  the  co-efficient  1  -00  .*.  the 
discharge  =  16*544  x  -22  x  '612^2  227  cubic  feet  per  second. 

Example  3. 

The  fall  of  water  through  a  bridge,  having  a  sectional  area  of  500 
square  feet,  is  0'05  feet ;  required  the  discharge. 

Take  *96  as  a  co-efficient  for  a  wide  opening,  and  we  get  the  dischaige 
» 1*758  x  500  =»  879  cubic  feet  per  second. 

Example  4. 

The  difference  of  level  between  the  upper  and  lower  ponds  of  a  canal 
is  6  feet,  and  the  communicating  sluice  is  2  feet  square ;  required  its  dis- 
charge. 

Using  the  co-efficient  *84  and  height  6,  for  a  constant  head  of  6  feet, 
the  discharge  is  16*512  x  4  »  66  048  cubic  feet  per  second. 

The  effective  head  gradually  decreasing,  the  mean  discharge  due  to  the 
height  is  33  024  cubic  feet  per  second. 

If  the  lock  is  60  long  and  20  broad,  it  will  bold  7  200  cubic  feet  of 
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water,  and  at  the  above  rate  will  be  filled  in  318  second!,  or  about  three 
minutes  and  a  half. 

Example  5. 

Required  the  diameter  of  a  vertical  pipe  to  discharge  2  cubic  feet  per 
second  from  a  reservoir  under  a  head  of  30  feet. 

Using  the  co-eihcient  *84,  we  obtain  from  the  Table  36*923  as  velocity 
of  discharge. 

2* 

The  section  will  then« — -  «  0*06417    square    feet  =  6*42    square 

ithes ;  which  will  require  a  diameter  of  3  tithes,  or  4  inches,  for  the  pipe. 

Example  6. 

Required  the  length  of  a  weir  to  discharge  5  696  cubic  feet  per  second, 
at  a  depth  or  head  from  still  water  to  sill  of  4  feet. 

With  a  co-efficient  -666,  the  tabular  velocity  of  discharge  is  10*689, 
from  which  one-third  has  to  be  deducted  to  obtain  the  mean  velocity  of 
discharge  over  a  weir. 

Hence  F«  10*689-3*668«7-126  feet  per  second, 
and  the  section  =  ^^^  =  nearly  800  feet ; 


hence  the  length  =  ^i^=:  nearly  200  feet. 

Example  7. 

A  river  passes  over  a  drowned  weir  :  the  upper  level  of  water  is  3  feet 
above  the  lower  level,  and  is  4  feet  above  the  sill  of  the  weir,  which  is  100 
feet  long ;  required  the  discharge. 

The  upper  portion  may  be  considered  as  a  simple  overfall  with  a  head 
jB'k  3,  and  with  a  co-efficient  *666 ;  the  lower  portion  as  an  orifice,  with  the 
tame  head,  but  a  co-efficient  *62. 

According  to  the  Table  the  velocity  of  discharge  for  the  one  is 
9'257-3*086  =  6*171  feet  per  second  ;  and  that  for  the  other  is  8*618  fett 
per  second.     Hence  the  discharge  : 

-50  (6171  X  3  +  8*618  x  1)  =  60  x  27-131 
B 1366  cubic  feet  per  second. 

Example  8. 

It  is  required  to  raise  the  upper  portion  of  a  river  1*6  feet  by  means  of 
a.  drowned  weir  across  it.     The  river  has  a  discharge  of  812  cubic  feet  per 
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second,  and  %  width  of  70  feet ;  what  must  be  the  height  of  the  daift— ii^ 
neglecting  velocity  of  approach  ;  2nd,  taking  it  at  2*5  feet  per  seoond? 
1st.     Let  d  »  depth  of  sill  of  dam  bdow  the  lower  wmter. 

Then  V^  velocity  of  upper  portion,  or  tme  orerfiJl  ; 

B  \  velocity  for  head  1*6  to  a  co-effident  *666  ; 

a  4*364  feet  per  second  (from  Table) ; 
and    F*  =  velocity  of  lower  portion  of  orifice  ; 

a  velocity  for  a  head  1  *6  to  a  co-efficient  *62  ; 

•B  6*109  feet  per  second  (from  Table). 

Then  the  total  discharge  812,  is  as  in  the  last  Elxample 
-70|r  xl*6+F'x£f  |«70(6-546  +  rfx6*109) 

6*054 


hence  d 


6-ioy 


0*827  feet. 


2nd.     Taking  into  consideration  the  velocity  of  approach  and 
ing  the  co'cfficients  {^e  Table  XII.)  accordingly. 

The  head  due  to  velocity  of  approach  2*5  feet  per  second,  for  a  oo- 

cfficient  '8,  is  from  Table  IX.  about  *16  feet. 

Hence  the  modified  co-efficient  for  overfiUl  will  be 

•[{-^}-{4}}—{{-4^}-{^}} 

-  *666  {(1-)'  -('l)'}  -  '^iC 
and  the  modified  co-effident  for  orifice  will  be 

o  -v/|l+ll?\«o-/l*I-*62xl049--648, 
I       1*6J 

Making  use  of  these  two  co-efficients  instead  of  *666  and  *62  as  in  the 
first  portion  of  the  Example,  we  obtain  other  values. 

F- 4-894;  and  F»- 6*386; 
1*6  F+rfF»-7*341+rfx 6*386 


hence  51^-11-6 
70 


and  d 


4*269 
6*386 


-0*667  feet. 


TABLt  XL 


Hem  velodlies  ol  dischaige  in  feel  pet  second, 

in  imall  chumels  of  rectu^lai  section 

eoriespondiiig  to  observed  maximum  veloddet  (  V* )  and  lo  c 

(0),  of  mean  velocitf ; 

calculated  according  to  the  Baiin  formula — 

v..  •-.r-.. 


Ako  ft  table  of  limiting  Velodtiet  for  Culvert*  and  Canal*. 
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ATEJ^f   VELOCITIES. 
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0-30 
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0-36 
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° 
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0 
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06 
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10 
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15 
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20 
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35 
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^served  Maximum  VelodtUs  and  Co-efficimis  (c). 
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\% 
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' 

8S 

8-          e-B          10-        10-5         u* 

u-s 

11 

0-26 

4  MI 

4470 

4-7'8 

4-965 

S-22 

5-46 

57" 

59* 

(h30 

4-608 

4-S78 

5 -ISO 

5-420 

5  70 

5-97 

6-^ 

6-S(. 

fr35 

«-93o 

S-J20 

55'0 

5-to2 

6-i8 

6-67 

6^ 

0-40 

5101 

5-508 

5-814 

6-I20 

6-« 

6-73 

7-J4 

0-45 

5«6 

S-7S6 

6-076 

6-395 

67J 

7-04 

7« 

D-SO 

5640 

5-971 

6-304 

6-6  j6 

697 

7-30 

7« 

(hSS 

5-810 

6-162 

6-504 

6-845 

719 

7-53 

8-21 

0-BO 

5-976 

6-318 

6-678 

7-ojo 

7-38 

7-73 

8-09 

8-44 

0-66 

6-474 

6-834 

7-194 

7  56 

7-97 

818 

8^ 

0-70 

6-340 

6-608 

6-976 

7-34* 

7-71 

8-08 

8-45 

881 

0-75 

6-3Si 

6-7J6 

7-iao 

7-474 

?3 

8-33 

8-6o 

S^ 

O-BQ 

6-454 

6-S34 

7-214 

7-594 

8-36 

874 

9-H 

0-85 

6-546 

6-9J2 

7-3'8 

7-703 

8-09 

8-47 

S86 

9-25 

0-90 

6-632 

7-012 

7-4'* 

7-S02 

8-19 

8-58 

8-97 

9.J6 

0'9& 

6'7io 

7-104 

7-493 

7-894 

8-29 

869 

9^ 

94* 

I'OO 

6-782 

7-180 

7-580 

7-978 

8-3S 

8-78 

9-18 

9-5I 

1-05 

6-S+6 

7-248 

7-651 

8-055 

8-46 

3-86 

9.26 

9-? 

1'10 

6-908 

7 -J. 6 

7-722 

8-128 

8-53- 

894 

9-3S 

97i 

1'IS 

6967 

7-376 

7-786 

8-194 

8-6 1 

9-oa 

9-4J 

944 

1-20 

7-0.8 

7-430 

7-S43 

S-256 

8-67 

9-08 

9-49 

9-90 

\--& 

7069 

7-484 

7-900 

8-3.4 

8-74 

9-'S 

9-57 

9^ 

1'30 

7-11] 

7-53' 

7-950 

8-368 

8-79 

9-24 

9-ca 

toti£ 

7157 

7-S7S 

7-999 

8-419 

8-85 

9-27 

9-69 

t'40 

7-19K 

7 -61 1 

8-045 

8-467 

8-S9 

9'3» 

9-74 

10-17 

1'4S 

7-^33 

7-661 

8-086 

8-512 

8-94 

936 

980 

1'60 

7-173 

7-700 

8-128 

8-554 

8-99 

9-4* 

9-84 

10-27 

1'S5 

7-307 

7-736 

8-166 

8-595 

903 

9-46 

989 

lO-JS 

1'60 

7-337 

7-769 

8 -200 

8-6)3 

9-06 

9-50 

9-93 

.(.■j6 

1'GS 

7-368 

7-Soi 

8-235 

8-668 

9-11 

9  54 

9  97 

l-?0 

7-398 

7-834 

8-269 

8-702 

9  14 

9-57 

10-45 

1-75 

7-426 

7-H62 

8-399 

8-734 

9-17 

9-61 

10-05 

IO-4li 

I'M 

7-449 

7-sas 

8-326 

8-7(.5 

9-21 

'la 

lo-oS 

10-51 

rs5 

7  477 

7-916 

S-3S6 

8-795 

924 

9-68 

1056 

190 

7-5fo 

7-942 

8-3S3 

8-823 

9-27 

9-71 

S2 

rss 

7-511 

7-963 

8406 

8-849 

929 

9-73 

lO'l8 

200 

7-54S 

7-988 

S-43» 

S-87S 

9.3a 

9-77 

IO-21 

10-46 

210 

7-5SS 

8-032 

S-47« 

8-923 

9-37 

9 -82 

10-27 

1071 

2'20 

T^n 

S-07I 

8-SK> 

8-967 

9-42 

9-87 

lo-ji 

107* 

ilEAN  VELOCITIES. 


^served  Maximum  VtloHHet  and  Co-iffidints  (c). 
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LIMITING   VELOCITIBS. 


[tABUd 


Various  limiting  velocities. 
Maxima  in  Open  Canals. 


For  the  worst  or  most  sandy  soil     .        . 

For  sandy  soil  generally .... 

For  ordinary  loam ..... 

For  firm  gravel  and  hard  soil  . 

For  brickwork,  ashlar  or  rubble  in  cement 

For  hard  sound  stratified  rock 

For  very  hard  homogeneous  rock    •         • 


2-5 

2-76 

3- 

4- 
6-5  to7^ 

10- 
14  or  15 


Minima  for  Drainage  in  Cylindrical  Pipes  and  Culverts.* 

Small  drain-pipes  under  6"  in  diameter   ....  3-5 

Drain-pipes,  6"  to  18"  in  diameter ....          ,  3. 

Culverts  from  1*6  to  4  feet  in  diameter    ....  2*5 

Larger  cylindrical  culverts      .....          .  2* 

For  ovoidal  culverts,  &c.,  compare  with  cylindrical  culverts  of  equal  by 
draulic  radius. 


Limiting  Velocities. 


Limits  usual  for  canals 

Limits  for  rivers  and  canals  just  navigable 
Limits  for  irrigating  channels  .... 
Limits  for  sewers  and  brick  conduits 
Limits  for  self-cleansing  sewers  and  drainage  pipra 
Limiting  velocities  for  water-pipes,  so  as  to  get  a  maximum 
discharge  under  pressure • 


1  to  4 
3  to4f 
1  to  3 
1  to4j 
2-5  to  4| 

25  to  35 


Natural  Channels. 

Slow  rivers,  from 0*25  to    l-S 

Ordinary  rivers,  from •  1*5    to    3*0 

Rapid  rivers  and  torrents  from 3*0    to  12*0 

Maximum  tidal  current  measured 15 


Working  minima  are  0*5  higher  than  these,  iHbich  are  extreme  mininm^ 


Tablb  XII.— hydraulic   COEFFICIENTS. 


P«rt  I.    Ctveflicients  of  flood  ^discharge  ())  from  olchment  ireai. 

Pirt  1.     Formula  connecting  lh«  co-eflSeieoti  of  velocity  (c)  with  those  at 

rugosity  (»). 
Fait  3-     Genenl  values  of  co^eflicieDts  (n)  of  roughnn*  in  channels  and 
cnlvens. 

Local  values  of  n  for  various  canals  and  rivers. 
Part  4.     Velocity  coefficients  {c)  (or  channels,  Culverts,  md  p[pe& 

Under  grouped  values  of  (n)  fat  two  fined  e](treme  ntues  of  S. 

Under  aeparale  values  of  n,  in  separate  tables. 
Pail  5.     Co-efEcients  of  discharge  (0)  for  orifices  and  outleu. 
Put  6.    Co-effideiu«  of  discba^  («)  for  ovctbUi, 


ffYDRAUUC  CO-SFFJCtSNTS.    [tjuu  xn.  MJtr  I 


Fart  i. — Gateral  and  Local  Co-effidarit  tf  ,^»d-iadiargt 

fnm  tatdimtnt  anas. 
For  tbc  (onunla  m  Tabic  IV^  Pan  i,  al«>  (iTn  id  Ihc  ted. 

The  Tilne  of  thii  co'cffidnii  (i)  c>a  be  detCTBiiicd  and  made  mc  of 
within  locti  limiu  only,  as  it  depends  on  the  areragc  maximBn  local 
downpour,  the  evaporatioa,  the  qnalily,  inclination,  and  di^xaitioo  of  tbr 
surface  of  tbe  arci.  under  coosideistion  ;  it  haa  hitberta  been  AetenniatJ 
for  veiy  Tew  districts,  and  not  lufScientlr  salis&ctoiy  for  some  of  ibtae. 
In  some  cases,  unrortuoatel]',  doubtful  fiood-marlu  have  bcoi  nicd  :i> 
obtain  the  flood  gradient,  and  the  velocities  calculated  Bccording  to  ■07 
varied  fonnulK  ;  in  others,  the  obstiuctioiis  caused  bf  bridges  and  emtut 
mentl  have  vitiated  alt  the  bam  c^  calculation  of  dischaige. 

For  very  taife  Indian  rivers  neai  their  months    .         .  0-3  to  i 

For  calchownt  areas  in  Oudh  geneiallj       .        .         .  I  to  S 

The  Madras  Presidency,  the  whole  Kaveri                1  -w__,  ». 
The  Godavery,  Kislna,  Tinnbaddra,  Pennair,  Vigay  J  * 

The  ChitlauT,  Falaur,  Man;ilaiitht,  Vaihaianthi  below  G- 
For  tbe  Kjuihan  River,  Central  Provinces,  accoBling  to 

tbe  highest  fiood  yet  known,  leu  than          .         .  &■ 
For    Bengal    and    Bahar,    rainfall   3  to   (   feet— CoL 

IXckens  gives  a  co-eSdent  of      .         .         .          .  g-V 

The  Upper  Kavcri,  Tambiapomi,  Gadakaiaalti .       \  IZi « 
ices, 

Ifi- !•  si- 
ts will  be  found  in  the '  Hydnnlic  StactdM' 
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Part  2. — Formula  connecting  the  Co-efficients  of  Velocity  (c) 

with  those  of  Rugosity  (n). 


r  1-811       ,  ^     0-00281 
+  41-6 +" 


e- 


n 


8 


l  +  (41.6  +  2:5^) 


>/!<} 


AVMS 


where  Q  is  the  mean  discharge  in  cubic  feet  per  second, 
A  is  the  sectional  area  of  water-way  in  square  feet, 
M  is  the  hydraulic  radius  of  the  section  in  feet, 
8  is  the  sine  of  the  hydraulic  slope  of  the  water  surface, 
n  is  the  co-efficient  of  roughness. 

This  may  be  reduced  into  the  more  convenient  form, 

^     A/i?/i»+ 1 -81 1\    ^   ,-— 

where  m  is  a  variable  dependent  on  8  and  n  alone, 

andw-n/^41.„^       ^ 

or  may  be  further  modified  into  the  form, 

Q^cA, lOOVW, 

where  0  is  the  co-efficient  of  mean  velocity. 


0-00281\ 

•6-1- zr-J; 


and  0' 


>/R  /m  + 1-811 


100» 


/m  + 1-811  \ 
\  m+Vli)' 


or,  into  its  most  simple  form,  Q^^AV, 

where  F  is  the  mean  velocity  of  discharge  in  feet  per  second, 

and  V=  c .  100  VJtS ;  e  being  a  variable  quantity. 

Note. 

The  values  of  8,  the  sine  of  the  hydraulic  slope,  are  more  generally  ex- 
pressed for  conciseness  in  the  form  of  8  per  thousand  in  the  Tables^  thus, 
8  per  thousand -i  0-4  instead  of  5» 0*0004 ;  and  8  per  thousand  =  20,  in- 
stead of  i9»  0*02. 
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Part  3. — General  or  Average  Values  of  Co-efficients  (n) 

as  applied  by  ^ 

Aqueducts,  Canals, 

0*010     Pure  cement  in  England  and  Europe  generally;   abo 
Glazed    materials    of    every    sort ;    glaxed,     coated,   or 

0*013  Brickwork  and  ashlar,  in  aqueducts,  canals,  and  culverts ) 
Ordinary  cast  and  wrought  iron.  Unglazed  stoneware  / 
Materials  mentioned  under  0*010  when  in  bad  order  and 

0*017    Rubble  in  cement,  in  good  order.     Also,  earth  in  highly 
Materials  mentioned  under  0*013  when  in   bad  order  and 

0*020    Coarse  rubble,  set  dry.     Rubble  in  cement  in  bad  coodi- 

0*0225  Dry  coarse  rubble  in  bad  order.     Rubble   in   cement. 

Canals  in  Natural 
0*020  Class  I. — ^Very  firm,  regular  gravel,  carefully  trimmed  and 
0*0225  Class  II. — Earth.  Canals  and  channels.  (Based  on 
0*0250  Class  III.— Earth.  Canals  and  channels.  (Based  00 
0*0275  Class  IV.— Earth.  Canals  and  channels.  (Based  on 
0*030    Class  V.  —Earth.     Canals  in  bad  order,  rather  damaged. 

General  values  of  xs.  for  Temporary 

0*009    Well-planed  timber,  in  perfect  order  and  alignment,  and 

0*012     Unplaned  timber,  when  perfectly  continuous  on  the  inside. 

p^.rf  Wooden  frames  covered  with  canvas. 

\  Rectangular  wooden  troughs,  with  battens  on  the  inside, 

0'020    Rectangular  wooden  troughs,  with  battens  on  the  inside. 

Note. 

The  local  values  of  n,  suitable  to  rivers  and  natural  ch<>nnHf 
perimentally  determined  for  other  rivers,  or  may  be  deduced 
nexion  with  other  data  and  conditions.     They  vary  between 
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pf  Roughness^  for  various  Materials^  and  Conditions  of  Surfaa: 
Author  in  the  Tables. 

Culverts,  and  Pipes. 

Indian  cement-plaster,  with  worked  sarface. 
enamelled  stoneware  and  iron. 

in  good  order. 

condition. 

regular  cases, 
condition. 

tion.     Ruined  brickwork  and  mtsonry. 

in  a  ruinous  condition. 

UNWORKED  Material. 

punned  in  defective  places.     Trimmed  earth  in  perfect  order, 
various  data  by  the  Author)  ;  above  the  average, 
various  data  by  the  Author) ;  in  good  average  order, 
various  data  by  the  Author) ;  below  the  average, 
slightly  overgrown  with  weeds,  or  obstructed  by  detritus. 

Constructions,  determined  by  Kutter, 

perfectly  straight ;  otherwise  perhaps  O'OIO  would  be  suitable. 
Flumes. 

0*6  inch  apart. 
2  inches  apart. 


Note. 

generally,  may  be  obtained  by  comparison  with  those  already  ex< 
from  a  consideration  of  the  observed  maximum  velocities  in  con« 
the  limits  of  0*020  and  0*035.     See  Kutter's  local  values,  p.  136. 
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Part  3  {font.).—Loecd  Values  of  the  CihtffieuHf  n  of  Xo^ 
and  Jrregtdarity,  aaording  to  Xutfer. 


Natdkal  CaAHHKU. 


IM}200  Biyou  L^onrehe. 

frOflO  Ohio,  Point  Pleu&nt. 

O-022D  Lech.' 

0-0227  Rhine  it  Gennenheim.' 

0-0228  Tiber  mt  Some. 

0-0232  Weser. 

0-0237  HubengTBben. 

0^43  HockenlMdi. 

O0243  Rhine  in  HolUod. 

O'O^  Seine  at  Puis. 

D-0252  Newka. 

0-0260  Spererbach. 

0-0260  Seine  at  Pcnuy. 

0-0260  Haine. 

0-0260  Khin«  at  Spefcr.' 

0-02C2  Newa. 

00270  MiHissipia. 

0-0270  Subch.' 

0-0270  Plesiur.' 

0-0280  S36ne  at  Raconiwr. 

0-0280  Satuch.' 

0-028S  Elbe. 

0-0294  Bajou  Plaquemine. 

0-0300  Rhine  at  Baile.' 


'  Gcnenll  J  free  bum  obMrac 


.ObMncted  bj  detiitni^ 


I  ObBiBCud  br  dnritoi. 
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Part  3  {cont) — Local  Values  of  the  Co-efficient  n  of  Roughness 
and  Irregularity^  selected  from  Bazin  and  Kuttcr, 

Artificial  Channels. 

In  Cement, 
n 
(hOlOO    Series  No.  24  of  D*Arcy  and  Bazin,  semicircular. 
0*0104    Series  No.  2  of  D'Arcy  and  Bazin,  rectangular. 
0*0111      Series  No.  25,  D.  &  B.,  with  one-third  sand,  semicircular. 

In  Ashlar  and  Brickwork, 

0*0129    Series  No.  3,  D'Arcy  and  Bazin,  brickwork,  rectangular. 
0*0129    Series  No.  39,  D'Arcy  and  Bazin,  ashlar,  rectangular. 
0'0l33    Series  Nos.  i  &  2,  D'Arcy  and  Bazin,  ashlar,  rectangular. 

In  Rubble, 

0*0145  Gontenbachschale,  new,  dry,  semicircular. 

0*0167  Series  No.  32,  D'Arcy  and  Bazin,  rather  damaged,  rectangular. 

0*0170  Series  No.  33,  D'Arcy  and  Bazin,  rather  damaged,  rectangular. 

0*0175  Grunnbachschale,  damaged,  dry,  semicircular. 

0'0185  Gerbebachschale,  damaged,  dry,  semicircular. 

0*0180  Series  No.  i  '4,  D'Arcy  and  Bazin,  rough. 

0*0182  Series  No.  i  '3,  D'Arcy  and  Bazin,  rough. 

0'0184  Series  No.  i  *6,  D'Arcy  and  Bazin,  rough. 

0*0192  Series  No.  I  -5,  D'Arcy  and  Bazin,  rough. 

0*0204  Series  No.  44,  D'Arcy  and  Bazin,  with  deposits,  rectangular. 

0*0210  Series  No.  46,  D'Arcy  and  Bazin,  with  deposits,  rectangular. 

0*0220  Series  No.  35,  D'Arcy  and  Bazin,  damaged,  trapezoidal. 

0*0230  Alpbachschale,  much  damaged,  semicircular. 

In  Rammed  Gravel, 

0*0163    Series  No.  27,  D'Arcy  and  Bazin,  f-inch  thick,  semicircular. 
0*0170    Series  No.  4,  D'Arcy  and  Bazin,  {-inch  thick,  rectangular. 
0*0190    Series  No.  5,  D'Arcy  and  Bazin,  ij-inch  thick,  rectangular. 

In  Earth, 

0*0184  A  Canal  in  England. 

0*0222  Linth  Canal,  trapezoidal. 

0*0244  Marseilles  Canal,  rounded. 

0*0254  Pannerden  Canal,  Holland.  '  • 

00256  Jard  Canal. 

00262  Lauter  Canal,  Nenbeig.  , 

0*0300  Escher  Canal  (detritus). 

0*0301  Marmels  Canal 

0*0330  Chesapeake-Ohio  Canal,  rounded. 
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Part  4. — Co-tfintnU  of  mean  vdodty  suited  to  oarienis  materuls, 
aUuIatedfor  a  fixed  wiltie  ^/S=0a01. 
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Part  4  {font.'). — Co-effidtnts  ofnuan  velocity  suited  to  various 

materials,  calculated  for  a  fixed  vahif  of  ^=^-^^\. 
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984 

0831 

0 

734 

0-658 

0-595 

0-543 

2-S 

1-741     1 

329   ' 

007 

0-852 

0 

754 

o-6;6 

0-6 13 

o-5to 

Z75 

1-766     I 

352   ' 

ozS 

0-S7I 

a 

772 

0693 

.0-629 

o'575 

3- 

i;8S    . 

372     I 

045 

0'83S 

0 

788 

0-709 

0-643 

0589 

3-26 

i-8og     I 

39"     1 

■063 

0904 

° 

803 

0-723 

0-657 

0-602 

3'5 

I -827     1 

408     I 

079 

0-918 

0 

817 

0-736 

0-670 

0614 

4- 

1860     I 

438     I 

:o6 

0-944 

0 

S42 

0-760 

0-692 

0636 

4-S 

I'SSS     I 

465     I 

130 

0-967 

0 

S64 

0-7S0 

o-;[2 

0-655 

S- 

1-912   I 

487     i 

■5" 

0-987 

0 

883 

0-799 

0-730 

0-672 

S-5 

[■933   I 

SOS     . 

170 

i-oos 

a 

90Q 

0-816 

0-746 

0'6SS 

G 

1-952   1 

526    I 

■87 

l-QIi 

0 

916 

0-83' 

0-760 

0-702 

7 

1-985  i 

557     I 

217 

0-050 

0 

943 

0857 

0-7S6 

0-717 

3 

l-oii     I 

583     ■ 

242 

'■073 

0 

966 

oSSo 

o-SoS 

0-748 

9 

3 -035     1 

605     I 

263 

1-094 

0-986 

0-899 

0827 

0-767 

10 

2-055     ' 

62s     T 

iSz 

'■'" 

i-WH 

0-916 

0-844 

0-783 

H 

a«7J    ' 

6*2       I 

298 

1-118 

I -020 

0-932 

0-859 

0798 

■a 

2-C.S8     1 

657  ■ 

3'3 

'■'43 

1-034 

0-946 

0-873 

0-811 

13 

a-io2    1 

670  I 

3J6 

1156 

1-047 

0-9S8 

o-SSs 

0-8J3 

M 

3-114      " 

683  . 

338 

1-168 

1-058 

0-97O 

0-896 

0-834 

IS 

2-126       1 

694  1 

349 

117S 

.■069 

0-980 

0-907 

0-845 

20 

a-i7o    1 

738  I 

393 

1223 

1-112 

1023 

0-949 

0-886 

BYDRAVUC  CO-EFFlCTM/ifTS.  [tabu  zil  ruTi 


Part  4  {eoHt.).—Ca-^eunt  (a)  of  Mtam  Fdnif 
CfirrespmdiHg  to  Valties  o/B^  tkt  Hyirw& 


infect 

10 

0-8 

06 

o-e 

04 

0-1 

0-938 

0-933 

0-913 

0-916 

0-905 

0-2 

1131 

I -126 

1117 

0-3 

1-245 

1-I4I 

1-333 

i-3a6 

1-317 

0'4 

"■3'S 

l-3» 

1-313 

1-307 

1-399 

O'S 

.■38s 

1-381 

"'374 

"369 

1-361 

06 

'■433 

1-430 

»'4*3 

1-419 

1-411 

W 

1-473 

1470 

1-464 

1-460 

V& 

0-8 

1-507 

"■5<»* 

1-499 

I -494 

0-9 

1-536 

'■533 

.■538 

"SM 

IJ19 

1- 

1-561 

1-559 

1554 

I -SSI 

«-546 

1'5 

I-6SS 

"■6S3 

1-650 

1-648 

1-644 

!■ 

1-7.6 

1715 

1713 

1-713 

1-710 

2'6 

.•76. 

1-760 

1759 

1-758 

1757 

3' 

1795 

1-795 

1-794 

1-794 

I-7W 

3'S 

I -813 

I -833 

1-833 

1-833 

1-833 

t! 

I -845 

1-846 

1-847 

1-847 

1-848 

4'5 

i-li(i5 

.■865 

1-867 

1-867 

1-869 

fr 

i-»S> 

1-883 

1-884 

1-88S 

1-887 

%■% 

1-896 

1-897 

l*» 

1-900 

1-903 

6' 

1-909 

1-910 

1-913 

1-914 

"■9'7 

r 

1-93' 

1-933 

1-93S 

1-937 

I-94I 

ft 

1-949 

1-9SI 

1-954 

1957 

1-960 

9- 

1-964 

1-966 

1-970 

1-973 

1-977 

ID- 

"■977 

.■980 

1-984 

1-987 

1-991 

11- 

1-989 

1-991 

1-995 

1-999 

3-004 

12- 

1-999 

3  006 

3-009 

3-ois 

13- 

i-ooS 

J -01 5 

3-OI9 

2  ■014 

14- 

1-016 

3  019 

3-024 

3-017 

3 -033 

15- 

I -033 

3 -036 

3-031 

2035 

3-041 

16- 

3-030 

^■033 

3-038 

3-043 

21HS 

20- 

3-051 

a-oSS 

3-061 

3-065 

3-073 

TABLE  XII.  PART  4]  HYDRAULIC  COEFFICIENTS. 


U1 


for  Cement  and  Glazed  Material  (New\ 
Radius  in  feet ^  and  of  ^  per  thousand. 


n 

aOX>IO 

.S*  per  thotttaiui 

i 

R 
infect 

0-8 

0-2 

0-16 

0-1 

0*05 

0-1 

0889 

0-858 

0-830 

0-783 

1 

0682 

0-2 

I  085 

'-055 

1-028 

0-980 

0-875 

0-3 

I'202 

I-174 

I -149 

1*104 

I -001 

0*4 

I -285 

1-259 

1*236 

I -193 

1-095 

0-5 

1*349 

1-325 

1-303 

1-263 

1-170 

0-6 

1-400 

1-378 

1*357 

1-320 

1-233 

0-7 

1-442 

1-422 

1*403 

1*368 

1-286 

0-8 

1-478 

1-463 

1-442 

I -410 

1-332 

0-9 

1*510 

1-492 

1-476 

1*446 

1-373 

!• 

1-537 

1*521 

1-506 

1-478 

I  -410      1 

V5 

1-639 

1-628 

I -618 

1-598 

1-551      i 

2* 

1-706 

1*699 

1*692 

I  680 

I  -649      i 

2-5 

1-755 

1-751 

1748 

I -741 

1-723     : 

3- 

1-793 

1-792 

I -791 

1-788 

I  -783 

3-5 

1-824 

1*825 

1*826 

1*827 

I  -832     , 

4* 

1-849 

I-8'>2 

1-855 

1-860 

1-873 

4-5 

1-871 

1-875 

1-880 

1-888 

1-909 

5- 

1*890 

1-896 

1-901 

1*912 

1-940 

S-& 

1-906 

1-914 

1-920 

'•933 

1-968 

6- 

1*921 

1-929 

1-937 

1-952 

I  -993     t 

7- 

1-946 

1-956 

1-966 

1-985 

2-036 

8- 

1-966 

1-978 

1*990 

2-012 

2-072 

9- 

1-984 

1-997 

2-010 

2035 

2-103 

10- 

I  999 

2-013 

2-028 

2-055 

2*130 

11- 

2  01 2 

2-027 

2*043 

2 -073 

2-154 

12- 

2-023 

2-040 

2-056 

2-o38 

2175 

13- 

2-033 

2-051 

2-068 

2*102 

2-194 

14' 

2*042 

2'Ot)I 

2079 

2*114 

2-211 

is- 

2051 

2-070 

2-089 

2126 

2-227 

le- 

2-058 

2-078 

2-098 

2*136 

2-241 

20- 

2-083 

2-io6 

2-127 

2*170 

2*229 

GG 


HYDRAUUC  CO-EfFICI&NTS.  Itamj  xii.  pait  4 


Part  4  {a>nl.).—CthefficUtUs  (c)  of  Mtan  VdoeUy  for  Bridamk, 
Correipondittg  to  vaitta  ef  R 


■- 

tt-013 

R 

10 

OB 

0, 

0-5 

<M 

D-l 

0-650 

0-646 

0-639 

0-634 

0^7 

0-2 

0S02 

0-798 

0-791 

0-786 

0779 

»3 

0-39S 

o-Sgr 

o-sas 

0-880 

0-873 

O-* 

0-961 

0-957 

0-951 

0-947 

0-940 

D-S 

i-ooS 

I -00 J 

0999 

0-99J 

»6 

I -053 

loso 

1-04S 

1-041 

•-03S 

D7 

1-087 

1-084 

i-oEo 

1-076 

1-07. 

O-S 

1-117 

1-114 

1-106 

l-IOl 

IM 

1-14J 

1-143 

■  -i3fi 

1-133 

1-1:18 

1-D 

.■16s 

I -163 

<-iS9 

1-156 

1.52 

1-6 

1249 

rz47 

1-147 

i-*43 

I -140 

1- 

I -305 

'■304 

1-30J 

1-301 

1-^99 

?fi 

■•346 

1-34S 

'■344 

'-344 

1-343 

3- 

■■378 

1-37S 

■■378 

'■377 

•■377 

3-S 

1-404 

1-404 

1-404 

1-404 

;:33 

4- 

.4.6 

1-416 

1-417 

■  ■4J7 

4'G 

1-444 

1-44S 

1-446 

1-447 

I44« 

5- 

1-460 

1-461 

«-463 

1-464 

I -46s 

frS 

"■474 

1-475 

1-477 

1-478 

1-480 

7- 

.-487 
rSo8 

i-48« 
1-510 

1490 

I-SI3 

1-491 
I-514 

1-494 

1-517 

* 

1-5^6 

I-S28 

I-Sjo 

I  533 

T-S36 

9- 

>-S4l 

<-S43 

.-546 

1-548 

"■55" 

to- 

■■5S4 

'■SS6 

1-559 

1-561 

"-566 

I -SI'S 

1-567 

1-571 

1-S74 

1-579 

la- 

1-57S 

1-57? 

1-58. 

1-5SS 

.589 

13' 

I -584 

i-<;86 

1591 

1-594 

"599 

«• 

i'59^ 

1-594 

1-599 

l'6oi 

1608 

is- 

•'599 

1-602 

1606 

1-610 

I-616 

le- 

1-666 

I'CoS 

I  613 

1-617 

I-613 

20- 

1-627 

1-630 

1-636 

1-640 

1-647 

TABLE  XII.  PART  4]  HYDSAUUC  CO-BFFICIENTS. 


Ashlar,  New  Cast  and  Wrought  Iron,  and  Unglaud  Stoneware 
in  feet  and  S  per  thousand. 


-0013 

.SpWlllouHlIld 

03 

oa 

016 

o-i 

OM 

0-1 

0-6.S 

D-S93 

0-S74 

0-541 

0472      ; 

O'J 

0767 

0-745 

cjiS 

0-691 

0-617      1 

0'3 

0-861 

C-S40 

0-S2I 

o-78« 

0-714      1 

0-4 

0-911) 

0-910 

o-Sgi 

o-«59 

0-788      ' 

O'S 

ogSi 

0-964 

0-947 

0-916 

0-847      . 

0-6 

I -026 

ioo:j 

0-992 

0-963 

0-898 

0-7 

1061 

I03f 

I-O03 

0-941      1 

0-8 

109) 

1-073 

1064 

1-038 

0-979 

0-9 

t  106 

I-093 

1069 

1013 

!■ 

.-.45 

1-131 

1119 

1097 

1-044 

VS 

I-J3S 

1226 

I-217 

i-aoi 

1-163 

2- 

1-196 

I-I90 

r-j54 

1-274 

1-249      1 

Z-5 

'■34< 

1-338 

"■33S 

'■m 

1-3 '4 

3- 

3'S 

'■376 
1-405 

:iu 

1-374 
1-407 

1-372 

I-40S 

1-367 
1-411 

4- 

1-429 

1*3' 

'■434 

"■438 

1-450 

4'S 

i-4;o 

1-454 

1458 

1-465 

1-483 

5- 

>'4C'3 

1-473 

'■478 

1-487 

i-S'2 

6-5 

.-484 

1-490 

'■496 

,-5oS 

1-538 

6- 

.■49S 

I -505 

i-Sia 

1-S16 

1-561 

7- 

1-522 

»S3i 

1-540 

"-5S7 

1-602 

8- 

1-541 

'■553 

1-563 

"583 

i6j6 

9- 

"■559 

1-571 

i'SS3 

.■60s 

1-665 

10- 

'■573 

1-587 

1-625 

1691 

«■ 

1-S86 

I -601 

1-615 

1642 

IJI4 

12- 

'  yn 

I  613 

i-6i8 

1-657 

1-735 

I* 

1-607 

1624 

1-640 

1-670 

•■753 

14- 

1-617 

1-634 

1-650 

1-683 

1-770 

1&- 

1-62S 

"■643 

t«o 

1-694 

1-78S 

Ifr 

1-63! 

1651 

1669 

1-704 

1-799 

20- 

■  ■657 

1-678 

1-699 

1738 

1-846 
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HYDRAUUC  CO-EFFICIENTS,  [tablb  xii.  fact  4 


Part  3  {cont,y 
fi«o'oi7 


Co-efficients  (c)  of  Mean  Velocity  for  I/ew  RMle^ 

Corresponding  to  values  of^ 


K 
nfeet 

10 

08 

0-6 

0*6 

0-4 

0-1 

0-445 

0-443 

0*438 

o*434 

0*429 

02 

0*561 

0558 

o*554 

0*550 

o*545 

03 

0*634 

0*632 

0*627 

0*625 

0*618 

0*4 

O-d^^ 

0685 

0*681 

0*677 

0*672 

07 

0730 

0-727 

0*723 

0*720 

0715 

06 

0*764 

0*762 

0758 

0-755 

0-750 
0*780 

07 

0793 

0*791 

0787 

0784 

08 

o-8i8 

o-8i6 

0*813 

0*810 

0806 

0*9 

0*840 

0838 

0835 

0833 

0-829 

1- 

o*86o 

0858 

0*855 

0*853 

0-849 

0933 

0*932 

0930 

0*928 

0-926 

o*9S4 

0983 

0*982 

0*980 

0*979 

!      2-6 

I'02I 

1*021 

1-020 

1*019 

1-019 

3' 

1*051 

1*051 

1*050 

1*050 

1-050 

3'5 

I -075 

1-075 

1075 

it>76 

1-076 

4' 

1*095 

1*096 

1*096 

1*097 

1*097 

4-5 

1113 

1*113 

1*114 

1*115 

1*116 

5' 

1*128 

1*129 

1*130 

i-i3> 

1*132 

6-6 

1*141 

1*142 

1*144 

1*145 

1*147 

6- 

1153 

1*154 

1*156 

1*158 

I -160 

7- 

1*174 

1*175 

1*177 

1*179 

1*182 

0 

1*191 

I -193 

1*195 

1*197 

1-200 

0 

I  205 

1*207 

1*210 

1-212 

1*216 

10 

I -218 

I -220 

1*223 

1*226 

1-230 

11- 

1*229 

1*231 

>'235 

1*237 

1*242 

12- 

1*239 

1*241 

1-245 

1*248 

1*252 

13- 

1*248 

1*250 

1*254 

1*257 

1-262 

14- 

I  "256 

1-258 

1*262 

1*265 

1*270 

15- 

1*263 

1*265 

1*270 

1*273 

1-278 

10 

1*269 

1*272 

1*276 

1*280 

1-285 

20 

1*291 

1*294 

1-299 

1303 

1309 

V 


TABLE  XII.  PART  4]  HYDRAULIC  CO-EFFICIENTS. 
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Old  Brickwork  or  Ashlar^  and  Old  Iron  and  Unglazed  Stoneware, 
in  feet  and  S  per  thousand. 


• 

fi 

-0*017 

5*  per  thousand 

R 
in  feet 

0-3 

0-2 

016 

0*1 

0*05 

0-1 

0*421 

0*406 

0-393 

0*371 

0*326 

0-2 

0536 

0*520 

0*507 

0*483 

0-433 

0*3 

o-6io 

0-594 

0*581 

0-557 

0506 

0-4 

0*664 

0*650 

0*6^6 

0*613 

0*563 

0-5 

0*708 

0*693 

o*68i 

0*658 

o*6io 

0-6 

0743 

0730 

0*718 

0*696 

0*649 

07 

0773 

0*761 

0-749 

0*729 

0*684 

0*8 

o*8oo 

0*788 

0-777 

0*758 

0715 

0*9 

0*823 

0*8l2 

0*802 

0*783 

0*742 

1- 

0*844 

0-833 

0*824 

0*806 

0*767      1 

1 

1'5 

0*922 

0-915 

0*908 

0*895 

1 
0*867 

2^ 

0*976 

0*971 

0967 

0-959 

0939 

2-6 

1*017 

1*014 

1*012 

1*007 

0*996 

3- 

1*049 

1*049 

1*048 

1*046 

1*042 

3'& 

1*076 

ix>77 

1*077 

1*079 

1*082 

4* 

1*099 

I'lOI 

1*103 

1*106 

1-115 

4*5 

I*ii8 

1*121 

1*124 

1-130 

1*145 

5' 

1-135 

I-I39 

1*144 

1*152 

1*172 

&S 

1*150 

1*155 

1*161 

1*170 

1*195 

6* 

I '163 

1*170 

1*176 

1*187 

1*217 

7- 

1*186 

1*194 

1*202 

1*217 

1*254 

8* 

1*205 

1*215 

1*224 

1*242 

1*287 

9- 

1*222 

^•233 

I  243 

1-263 

I -314 

lo- 

1*236 

1*248 

1*260 

1*282 

1339 

ll- 

I24S 

1*261 

1*274 

1*298 

1-361 

!2« 

I  259 

1^273 

I  *287 

1313 

1380     , 

13- 

1*269 

1*284 

1*299 

1*326 

1398      1 

14- 

1*278 

1*294 

1*309 

1^338 

1 414     ' 

Ifr 

1*287 

^•303 

I3«9 

1349 

1*429 

tfr 

1*294 

1*3" 

1-328 

I  359 

1443 

20- 

1-319 

I  •338 

1-357 

1-393 

1-489 
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HYDRAULIC  CO-EFFICIENTS,  [tabu  xn.  PAIT4 


Part  4  {cont\ — Coefficients  (c)  of  Mean  Vdociiy  for  damaged 
Rubble,  or  for  Earthwork  in  Class  I,  of  the  best  order 
corresponding  to  valius  of  R  infect^  and  of  ^  per  thousoML 
when  n=0020. 


R 
in  feet 


04 

0-6 
08 

1- 

1'5 

2' 

2-5 

3* 

4- 

5- 

0 

7- 

8' 

0 
10 
11- 
12- 
13- 
14' 
16- 
20- 


R 
in  feet 


10 


0*561 
0*629 
0*677 
0715 
0*782 
0*829 
0*864 
0*892 

0*935 
0*966 

0*991 

1*010 

1*027 

1*041 

I  054 

1*065 

1*074 

1*083 

1*091 

1*104 

1*126 


03 


^  per  thousamd 


0*8 


0559 
0*627 
0-675 
0713 
0*781 
0*828 
0864 
0*892 

0-93S 
0*967 

0*991 

I'OI2 
1*029 

I -043 
I  056 

1*067 

1*076 

I  085 

1*093 

1*107 

1*129 


0*6 


0-5 


0-55S 

0-553 

0*623 

0*621 

0*672 

0*670 

0*711 

0*709 

0*779 

0*778 

0*827 

0*826 

0863 

0863 

0*892 

0*892 

o'935 

0*936 

0-968 

0-969 

0*993 

0*994 

i'0(4 

1*015 

I  031 

^'ozz 

1*046 

1*048 

1*059 

1*061 

1*070 

1*072 

1*080 

1083 

I  089 

IX)92 

1*097 

1*100 

i*iii 

1*115 

I -134 
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Part  $. — Co-efficients  of  Discharge  for  Orifices^  being  values  of 
ofor  the  formula  in  Table  X,  and  given  in  the  Text, 

Applied      According 
in  the  to  Ex- 

Table,         periment. 

f 5  5^*  I  Rectangular,  width  7  depth,  ( W7  i>) ;  see  next  page. 

•6  '709  J 

•62  '62  \  Orifices  generally. 

66  '66  Sluices  without  side  walls. 

7  *7  Canal  lock  gates  and  dock  gates. 

•727  "62  j  Undershot  wheel  gates. 

'84  '83  Sluices  in  lock  gates. 

'84  '84  Large  vertical  pipes. 

•9  '9  Narrow  bridge  openings. 

"96  *94  Large  sluices. 

•96  '96  Wide  openings  from  reservoirs. 

•96  '96  Wide  bridge  openings. 

•96  '96  Orifices  with  converging  mouth-pieces. 

I  *  I  *  Large  orifices  with  diverging  mouth-pieces. 

I  '3  Attached  diverging  mill  channels. 

Modification  of  the  co-efficient  so  as  to  include  the  effect  doe  to 
velocity  of  approach ; 

Let  A  ahead  due  to  this  velocity  only, 


theno,  =  <»^l+A, 
and  Oi  is  the  new  co-efficient  to  be  used. 
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Part  5  (cont\ — C(hefficients  of  Discharge  for  Orifices, 

Table  of  Co-efficients  of  Velocity  or  Discharge  for  Rectangular  Orifices, 
when  the  depth  (2>)  is  less  than  the  width  ( 1^0  for  a  head  ( J7). 
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The  above  was  deduced  by 
Poncelet  and  Lesbros. 

N.B.— When  Hj^D,  the 
centre  of  motion. 


Rankine  from  results  of  experiments  by 
centre  of  figure  may  be   considered  the 
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Part  6. — Co-efficients  of  Discharge  for  Oi^erfalls^  being  values  of 
ofor  the  formula  applied  in  Table  X,  and  given  in  the  Text,^ 

V^lpxS'025^/H 

Here  Z-*  length  of  weir  sill :  Z- length  of  dam,  or  breadth  of  channel : 
H^  head  on  sill :  D  »  depth  of  notch. 


In         By  E: 


Table.      menutUsts. 


xperi- 
alists. 


•5 


SS 


'S 


•595 


{Broad-crested  or  flat-topped  dams 
Dams  with  a  channel  attached 


L 


r  Weirs  with  1-inch  crests  when  Z  —  ory  —  ;   the   exact 


*662      I       value  of  o  beings  -57  x 


I 
lOL 


62 
•666 

7 
•727 


Overfalls    when    1 7  —  and  <  — 

4  3 

V-shaped  notch,   when  Z  =  — 
•62  V-shaped  notch,  when  /«— 


•552 
•666 


f  Weirs  when  Z«i,  and  ffj^  height  of  the  barrier;  in 
this  case  the  "^     *       '  *^  *  '" 

in  addition. 


\this  case  the  velocity  of  approach  must  be  considered 
i 


Weirs  generally  when  1=>L  and  Hk  J  the  height  of  the 
barrier. 


To  modify  the  oo-efficient  0  so  as  to  include  the  efiect  due  to  velocity 
of  approach. 

Let  A  a  head  due  to  velocity  of  approach  only  : — 


"-  -"{('4)'-a)'} 

and  o^  is  the  new  co-efficient  to  be  used. 


'  In  using  Table  X.  for  overfalls,  always  diminish  the  velocity  of 
discharge  there  given  by  one-third ;  this  alone  admits  of  the  use  of  the 
same  table  for  discharges  both  of  orifices  and  overfalls. 


i  • 
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MISCELLANEOUS  TABLES 


Masonry  Dams. 
(By  the  Author.) 

Dimensions  of  Trapnoidal  Masonry  Dams^  having  boih  faces  taUeringtfir 

heights  up  to  ^ofeet* 

Good  rubbk.     Inferior  rubble.         Brickwork. 


Height  of  dam  . 

H 

H 

M 

Thickness  at  top 

\H 

-2£r 

•sisr 

Thickness  at  bottom  . 

hH 

'6£r 

-jff 

Front  batter 

.  Iin24 

lin  16 

1  in  16 

Back  batter 

.     linS 

lin3 

linS 

Sectional  area   . 

•3J5r« 

•4Jr« 

•6iy» 

Dimeftsions  of  Trapezoidal  Masonry  Dams,  having  the  water  face  vertical, 

for  heights  up  to  iOfeet. 


Good  rubble. 

Inferior  rabble. 

Biickwaric 

"Weight   of  masonry 

per 

cubic  foot  . 

140  lbs. 

120  lbs. 

100  lbs. 

Height  of  dam 

H 

H 

H 

Thickness  at  top    . 

•24  fl^ 

•25i7 

'2Slf 

Thickness  at  bottom 

i^H 

•61  i7 

'56ff 

Water  face     . 

Vertical 

Vertical 

VcrticaJ 

Outer  face 

1  in  4-25 

lin  4 

1  in  3-57 

Sectional  area 

•36Jy« 

•376^» 

•42^ 

Weight  per  unit  of  length 

60^ 

46£r« 

42^ 

Mean  pressure 

• 

104  fl^ 

90^ 

7b  a 

Maximum  pressure 

• 

416iy 

360  Jsr 

800  JET 

These  data  apply  to  the  same  limiting  value  of  g,  the  ratio  to  the  breadth 
of  the  base  of  ihc  distance  along  it  from  the  foot  at  which  the  direction  of 
the  resultant  pressure  cuts,  which  is  taken  at  one-third.  A  slight  modifi* 
cation  of  the  above  section  may  be  used  for  heights  up  to  50  feeL  For 
lofty  dams  with  curved  profiles,  the  mode  of  Delocre,  or  its  modificatioDSi 
require  adaptation  to  the  individual  case  and  conditions  in  order  to  obtain 
the  correct  dimensions. 


AND  DATA. 
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Lofty  Dams. 

The  Delocie  polygonal  section  (No.  25)  applies  to  masonry  having 
twice  the  density  of  water,  or  weighing  2  footweight  per  cubic  foot,  and 
capable  of  resisting  a  pressure  of  nearly  200  footweight  per  square  foot. 
This  latter  is  also  assumed  to  be  the  limiting  pressure  allowed  on  the  foun- 
dation. The  co-efficient  of  friction  for  the  sliding  of  the  courses  on  each 
other  is  taken  at  0*73  ;  the  effect  of  cohesion  of  the  mortar  being  neglected. 

The  tnu:e  is  polygonal  on  both  faces,  thus  consisting  of  four  rectilinear 
portions ;  and  is  thus  a  practical  approximation  to  the  theoretical  double- 
curved  dam  without  any  top-thickness ;  the  flatter  curvature  being  on  the 
water-face,  the  greater  curvature  on  the  rear  or  outer  fiace.  The  following 
are  the  dimensions  in  feet 


At  the  top . 


Extreme 


Height. 
0 

Breadth. 
16-40 

Front  oflFset. 
0 

Rear  ofllset 
6- 

39-36 
65-60 

21-38 
54-65 

0 
10-73 

33-27 
35-01 

124-64 
164- 

100-39 
168*95 

18-83 

39-76 

The  Molesworth  corresponding  curved  section  is  obtained  by  ordinates  ; 
and  is  very  nearly  thus  : — 

If  P=  limiting  pressure  in  footweight  per  square  foot 
i  » top  width  of  dam 

a  «  width  of  dam  at  any  depth  x  from  the  top 
c*  depth  from  water  surface 

y  a  offset  from  vertical  line  to  outer  face  at  any  depth  m 
z  B  offset  from  vertical  line  to  inner  face  at  any  depth  a 

Thcny»0-96  I^V;   «- iy;  also  d«0-66y;  and 

a  =  1  '1  y  when  x  -  \Hy  the  total  height  of  the  dam  ;  but  no 
value  of  y  less  than  0-6  d?  is  admissible. 

Also  in  very  lofty  dams  the  value  of  P  shoidd  be  diminished  by  substi- 
tuting for  it  the  term  P(l -0*0013  m). 


HH 
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MISCELLANEOUS  TABLES 


Formula  and  Data  for  Reiaining  Walls. 
Extracted  from  various  articks  by  J.  H.  £.  Hart,  C.E. 

(i)  General  equation  for  breadth  of  base,  *•  a  /  ^  s— ? — -pi" 

Where  IT- total  horizontal  pressure  against  the  back  of  the  waU. 

fiathe  ratio  of  its  sectional  area  to  that  of  a  rectangle  of  vfA 

height  and  breadth, 
fo  Bi  the  weight  of  a  cubic  fix>t  of  the  walL 
^a?«the  horizontal  deviation  of  the  centre  of  resistance  of  the  Uk 

from  the  middle  of  the  base, 
^'j^sthe  horizontal  deviation  of  the  centre  of  gravity  of  tbeprofle 
from  the  middle  of  the  base. 

With  vertical  rectangular  sections,  i»«l,  jr'-O,  ar-  ^(^^ 
With  plumb-faced  trapezoidal  sections  of  a  top  thickness  (^) 

^«fLL*andj>.f^^     fjLL2i\ 

With  plumb-backed  trapezoidal  sections  of  a  top  thickness  (<) 

n.£±?andj».f^)     f4^) 

(2)  Modulus.     The  limiting  value  of  ^  to  avoid  tension  in  the  masoniy 

is  |,  but  its  limiting  value  in  actual  practice  is  \.     In  special  cases,  since 

it  must  not  be  so  great  as  to  cause  the  maximum  pressure  (/O  to  exccoi 

the  safe  resistance  {fl)  to  crushing  of  the  material,  its  values  correspond  « 

p 
follows  to  the  values  of  _,  where  0=>  the  mean  pressure  per  unit  of  sorte 

of  base,  =  sum  of  the  vertical  forces -i- area  of  the  base  ;  and  Pis  ksstbia 
C. 

^  "*  A»  Vt*  -At*  i>  i>  i>  i  >  A>  t>  i>  J 

when  |-i,  H,  I,  5,  i,  J^,  2 ;  li,  ^,  J^  f . 

(3)  Surcharge.    If  <?«  thickness  of  a  vertical  rectangular  wall  to  sostaia 

a  horizontal-topped  bank, 
d-i  =         do.         for  an  indefinite  surcharge, 
X  s         do.         for  a  surcharge  of  a  height  e^ 

A<r  +  2cx,  ^^^  A„height  of  the  wall 
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Additional  formula  for  Retaining  Walls. 

(1)  Horizontal  thrust  {H)  for  a  section  whose  breadth  is  unity. 

For  walls  having  vertical  backs,  and  for  earth  with  various  angles  of 
rei>ose. 

Horizontal  pressure  H^  coefficient  x  weight  of  I  cubic  foot  of  earth  x  A*. 

Angles  of  repose  of  27^    30^    33<»    36«    39«    42®    46®    48o 

Co-efficients  of  earth  pressure. 

^of!h^''!r'''^^*^*r^*'''''!)'^®®  '^^^  '^^^  '^^^  *^^*  "^^^  ^^^  '^^ 

Indcanite      Surcharge      to  I  .337  .3^5   .3^^   .32^   .3^2   .^^^  ,^^  .gg^ 
angle  01  repose        .         .  J 

For  walls  with  sloping  backs,  having  determined  the  position  of  thr 
plane  of  maximum  pressure,  and  hence  also  the  values  of  c  the  inclination 
of  that  plane  with  the  angle  of  repose,  and  A  the  sectional  area  of  efiectiv* 
pressure,  then  H=^A  tan  c  x  weight  of  1  cubic  foot  of  the  earth. 

For  water  pressure,  H=\w^^%\'2b  x  A*,  when  yp,  s62*d. 

(2)  Allowance  for  limiting  resistance  to  crushing. 

Having  calculated  d?,  the  bottom  thickness,  in  the  ordinary  way,  obtain 
r„  additional  bottom  thickness  necessary,  as  follows. 
Let  C  -  resistance,  which  is  roughly  8  tons  per  square  foot  for  brickwork 
and  40  tons  per  square  foot  for  the  heaviest  masonry. 

W^  weight  of  wall  per  unit  of  length,  also  in  tons. 

Then  for  a  brickwork  wall  of  height  A,  and  mean  thickness  t  in  feet, 

««-—.»«. ^ —  ui  teet. 

«    2^    20x2x8     320 

In  this  case  the  whole  thickness  »  « <r,  +  Of, »»  a?,  / 1  +  n^  V 

The  limits  of  weight  of  wall  are  from  80  to  160  lbs.  per  cubic  foot ;  the 
morUr  100  ;  granite  rubble  140 ;  basalt  rubble  150  ;  ashlar  from  120  to 
170  lbs. 

(3)  Allowance  for  the  effect  of  batter  in  a  wall. 

Calculate  as  for  a  rectangular  wall  the  suitable  bottom  thickness  ;  but  as 
in  overhanging  walls  the  horizontal  thrust  would  be  greater,  and  in  re- 
clining walls  it  would  be  less,  the  altered  thickness  may  be  obtained  by 
constructing  a  diagram  to  scale,  and  allowing  the  plumb-face  10  revolve 
around  a  point  at  one-third  of  the  height.  Under  that  comlition  the 
breadth  may  be  scaled ;  fur  the  horizontal  movement  of  the  centre  of 
gravity  of  the  wall  Is  not  affected,  nor  its  subiiity. 

H  H  2 
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MISCELLANEOUS  TABLES 


Weight  of  Materials  for  Dams  and   Walls. 

(By  Byrne,  in  Spon*s  <  Dictionary  of  Engineerii^' 


Clay,  dry     . 
,,     wet    . 
Earth,  common  dry 
Earthy  clay  and  sand 
Gravel 

Mould,  garden 
Sand,  dry  fine 

,,     damp 
Shingle,  loose 
Basalts  and  traps 
Bricks,  red  . 

,,      common 

,,      stock   (London) 
Brickwork  in  cement 


Specific 

gravity. 

1-95 

2-17 

1-64 

l-5tol'7 

1-6  to  1-9 

1-4 

1-4  to  1-6 

1-9 

2-2 

3  to  2*4 
216 
1-76 
1-84 
1-92 


Brickwork 
mortar . 


in     new 


gravity. 

1-87 


mortar . 

1 

t-62 

Cement  new 

1-61 

Flint  masonry  . 

2-34 

Granites  . 

.    S-OGtoS-SS 

Granite  masonry 

2-76 

Limestones 

.    2-54tol-8« 

Mortars,  new    . 

1-9 

»t       old     . 

1*42 

Sandstones 

.    2-67  to  1-38 

Slates 

.    2-9    to  2*5 

Note. — Ashlar,  weight «}  that  of  stone +  }  that  of  mortar. 

Rubble,  weight  =  J  to  |  that  of  stone  +  J  to  J  that  of  moitar. 


Working  Loads  or  safe  units  of  pressure  adopted  in  existing 

structures, 

(By  Byrne,  in  Spon's  *  Dictionary  of  Engineering.  *) 

Tons  oe  the 
squire  feoc 
Soft  rock  foundations 9 

Concrete  in  lime  mortar                  3 

Earth IJ 

Ashlar  masonry,  limestone,  Britannia  Bridge .         .         .         .  h 
,,           ,,         granite,  Saltash  Bridge         .         .         .         .  jo 
„     backed  with  rubble,  Peniston  Viaduct           ...  6 
Rubble  masonry,  sandstone  in  Aberthaw  lime,  Pont  y  Pridd    .  201 
„            „         limestone  in  chalk  lime,  Barentine  Viaduct  .  31 
„           „         in  hydraulic  lime,  Almanza  Dam           .         .  12^ 
»»            >»             »i            i»            lian         .         ,         ,         ,  7*3 
}f           »>            »»           »»            Furens     ....  6* 
>»           »»            »>           t*           Tulsi        .         .         .         .  8*9  to  6*9 
Brickwork,  London  paviors'  in  cement,  Charing  Cross  Bridge  12 
,,             Staffordshire  blue  brick  in  cement,  Clifton  Suspen- 
sion Bridge 10 

„            red  Birmingham  in  lias  lime.  Railway  Viaduct       .  7 

Cement  mortar 20  to  3S 

Lime  mortar 21  to  &{ 

Note. — The  safe  working  load  for  masonry  and  brickwork  is  that  fi»r 
the  mortar  used  ;  but  in  urdinar)'  calculation,  5  tons  per  square  foot  for  brick- 
work and  rubble  in  lime,  and  30  for  ashlar  in  cement,  is  generally  allowoL 


AND  DATA. 


16t 


Proportions  of  Sections  of  Ovoid  Culverts, 
(By  the  Author.) 

Phillips  Hawksley  Pcgtop 

Transyene  diameter  qx\ 

extreme  inside  width  / 

Radius  of  top  circle  .1  1  1 

Total  vertical  depth  .  3  2*0868  3 

Radius  of  curved  side  .3  2  m 

Radius  of  invert     .  .  0-6  0-5868  0-375 

Length  of  side,  or  arc  .  36«>  62'  14"  46«  1-6 

Arc  of  top  circle     .  .  480*'  180«  220« 

Arc  of  invert.        .  .  106*16'  90<»  140® 

Area  of  FuU  Section       .  4*594  3-9820  4-1642 

Area,  filled  to  f  depth    .  3*023  2*6858  2*5834 

Area,  filled  to  I  depth    .  1*136  1*0278  0*9687 

Perimeter  of  Full  Section  7  -930  7  *2034  7*7560 

„       filled  to  I  depth  4*788  4*3375  4*6144 

„       filled  to  ^  depth  2*750  2*5957  2*5413 

Hyd.  Rad.  for  Full  Section  0*579  0*653  0*536 

„       fined  to  §  depth  0*631  0*620  0*560 

„       fiUedtoJdepth  0*413  0*396  0*381 

The  above  comparison  is  based  on  an  equal  transverse  diameter  for  each 
form  of  culvert. 

If  the  culverts  are  assumed  to  be  of  equal  section  when  completely 
filled,  the  relative  diameters  for  the  different  forms  of  culvert  are  thus — 

Cylindrical  Section 1*1286 

Phillips's  Metropolitan        ....  1 -0002  and  1  *2930 

Hawksley's  Ovoid 0*9331  and  1-3996 

Jackson's  Pegtop 0*9813  and  1*4720 

The  Pegtop  section  flushes  highest  with  the  same  quantity  of  liquid  ;  but 
its  sides  must  be  of  slightly  increased  thickness,  when  subject  to  much 
lateral  pressure. 
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MISCELLANEOUS  TABLES 


Cast  Iron  Water -pipes  ;  adopted  in  the  Rio  de  Janeiro 

Waterworks, 


Diameter 
of  pipe 

ThickneM 

Length 

withoat 

socket 

Socket 

Weight 

withoat  ring 

or  socket 

Total  «««hi 
withriaf 

m.        inches 
0*80  or  31^ 

in. 

feet 
12 

inches 

5tt 

cwts.qrB. 
40     2 

lh«. 

4 

43 

qrs.  AiL 

3    23 

o*8o  or  3iJ 

lA 

9 

5U 

30 

I 

17 

33 

3     8 

050  or  I9ii 

I 

12 

5A 

21 

I 

13 

22 

3    «7 

0-50  or  I9}i 

I 

9 

5A 

16 

0 

3 

17 

2    17 

0-40  or  I SH 

H 

12 

5A 

15 

0 

13 

16 

I     14 

040  or  I5}| 

ii 

9 

5A 

II 

I 

10 

12 

2    II 

0*30  or  11^ 

H 

9 

4il 

7 

3 

7 

8 

2    15 

0-30  or  ii}J 

tt 

9 

^\% 

6 

3 

27 

7 

2    27 

025  or    9}| 

1? 

9 

4H 

5 

0 

23 

5 

3      5 

0'20  or    7^ 

ft 

9 

4A 

3 

2 

18 

4 

0     6 

0-15  or    siJ 

ft 

9 

4A 

2 

2 

10 

2 

3    14 

o-ioor    3|j 

ft 

9 

4il 

I 

2 

16 

I 

3    10 

Testing  pressure  15  atmospheres ;  for  31}^  pipes  20  atmospheres  ;  specific 
gravity  of  iron  taken  at  7*20. 


Cast  Iron  Water-pipes  adopted  at  Glasgozp. 

Thick- 

Weight  incl. 

Working 

Thick-      Weight  inri 

Workiai 

Length 

ness 

Socket 

head 

Length 

ness 

Socket 

head 

cwt& 

qrs. 

lbs. 

feet 

cwts.qrs. 

.  lbs. 

feef 

33" 

I" 

39 

I 

25 

210 

14 

«       8 

3 

25 

290 

30 

li 

44 

0 

3 

300 

14 

iS       8 

0 

25 

250 

30 

I 

35 

3 

5 

230 

14 

ft       7 

2 

0 

200 

24 

I 

28 

I 

23 

300 

12 

1         6 

3 

13 

290 

20 

i 

16 

0 

4 

270 

12 

ft       6 

0 

26 

240 

20 

! 

13 

3 

25 

240 

10 

ft       5 

0 

16 

300 

18 

H 

13 

I 

12 

300 

9 

ft     .4 

2 

24 

n 

18 

} 

12 

I 

19 

260 

8 

\        3 

2 

23 

t» 

18 

H 

II 

I 

27 

230 

7 

i      3 

I 

I 

»t 

16 

\ 

10 

3 

27 

300 

6 

ft     » 

I 

27 

f« 

16 

H 

10 

0 

18 

250 

S 

»      t 

3 

24 

»* 

16 

6 

11 

9 

I 

9 

200 

4 

i     I 

I 

20 

•» 

15 

\l 

9 

2 

3 

270 

3 

1     I 

0 

10 

»» 

15 

9 
Iff 

7 

3 

25 

180 

2 

i     0 

2 

4 

300 

Testing  strain  double  the  working  pressure. 

The  lengths  are  9  feet  excluding  socket ;  but  for  24"  pipes  and  1^ 
wards  the  length  is  12  feet ;  and  for  2"  pipe  6  feet. 


i  Strength  of  CylindrUal  Stoneware  Pipes. 

(By  Bddwin  Lathun,  CE.) 


Doulton 

Douiton,  London 
Fishei  . 
Wortley 

Doulton,  London . 
Huddersfield 
CUfl;  Wortlc7 
Ajplesford      , 
Doulton,  SUfford 
Fuh«r. 
Sdff     . 

WUcox,  Wortl(7 
Doulton,  London 
Doulton,  Stafford 
Wilcox 


Wcighl 

hDDn'Loi- 

kUorp- 

.hendn' 

BOVOQ 

lioo 

lU. 

3' 

3IJS 

o-8o« 

=9'S 

3975 

085 

18 

3875 

2-68 

30-S 

3' 75 

4-IO 

S77S 

S875 

173 

73 

73  75 

I -03 

60-5 

6325 

4-54 

58 

61 

689 

96-0 

97  S 

I-S6 

84 

88 

476 

66ms 

67-S 

■  88 

79-S 

82-5 

377 

i6'5 

117-0 

0-43 

Bartdnc        Tennle     RcuHann 


Donlton,  St&flbtd . 

„        London . 

Ing^ikm,  Wortlej' . 

Doulton,  London  .  \ 

„        Stafford. 
Ajrktfonl  . 

Cliff,  Worttey       .  ) 

Doulton,  Stafford .  ) 

Wilcoi,  Wortley  .  ( 

Doulton,  London  .  \ 

„        Stafford.  I 

Ingham,  Wortley  .  I 

Seacianbe,  Ruabon  ) 


44-6 
307-9 
1363 
'30-4 
4»9-S 


3956 

3470 

3S6i 
2834 
103956 


B,  T,  and  C  are  all  in  lb*,  per  iq.  incb. 


MISCELLANEOUS  TABLES 


Arcs  ofCirdeSy  having  a  I>iameter^=ii', 
or  Areas  of  Sectors  of  Circles,  having  a  Radius^=.\, 


Deg. 


Arc  or 
SMtor 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
U 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


•00873 
•01745 
•02618 
•03491 

•04363 
•05236 

•06109 

•0^)981 

•07854 

•08727 

•09599 
•10472 

•"345 
•12217 

•13090 

•13963 

•14835 
•15708 

•16581 
•>7453 

•18326 
•19199 
•20071 
•20944 
•21817 
•22689 
•23562 

•24435 
•25307 
'26180 


Deg. 


Arc  or 
Sector 


31  '27053 

32  •27925 

33  -28798 

34  •29671 

35  -30543 
38  31416 

37  32289 

38  33161 

39  -34034 

40  -34907 

^1  -35779 

42  -36652 

43  -37525 

44  ^38397 

45  ^39270 

46  40143 

47  41015 

48  41888 

49  ^4276 1 

50  ^43633 

51  ^44506 

52  -45379 

53  -46251 

54  ^47124 

55  ^47997 

56  ^48869 

57  ^49742 

58  -50615 

59  51487 

60  -52360 


Deg. 


Arc  or 
Sector 


61  -53233 

62  -54105 

63  -54978 

64  -55851 

65  -56723 

66  -57596 

67  -58469 

68  -59341 

69  -60214 

70  -61087 

71  -61959 

72  -62832 

73  -63705 

74  -64577 

75  -65450 

76  -66323 

77  -67195 

78  -68068 

79  -68941 

80  -69813 

81  -70686 

82  -71559 

83  -72431 
64  -73304 
85  -74176 

88  -75049 

87  -75922 

88  76794 

89  -77667 

90  -78540 


Deg. 


Arc  or 
Sector 


91 

92 
93 
94 
96 
96 
97 
98 
99 
100 


•79412 

-80206 

-81158 

-82030 

•82903 

•83776 

-84648 

•85521 
'86394 

•87266 


101  -88139 

102  -89012 

103  -89884 

12?     "^757 

105  -91630 

106  "92502 

108  -94248 

109  ^95120 

110  -95993 

111  -96866 

112  -97738 

113  -98611 

114  99484 

115  1-00356 

116  IX>I229 

117  IX>2I02 

118  1-02974 

119  ix)3847 

120  1-04720 


De^ 

Arc  or 
Secior 

121      I 

105592 

122    I 

•06465 

123    1 

•07338 

124    1 

•08210 

t2S    1 

x)9o83 

126    1 

^0995«> 

127    1 

•10S38 

128    1 

•I  1701 

129     1 

I •12574 

130     1 

^•I3446 

131     1 

1-14319 

132    1 

1-15192 

133    ] 

[•16064 

134     1 

I  •16937 

135     1 

1-17810 

136 

r-!8682 

137 

i -19555 

138 

1*2042$ 

139 

1-21300 

140 

I  -22173 

HI 

1-23046 

142 

1 -23918 

143 

1 -24791 

144     ] 

1-25664 

145     ] 

126536 

146     1 

I  •27409 

147     ] 

1-28283 

148     1 

1-29154 

149     ] 

[•30027 

150     ] 

[•30900 

AND  DATA. 


166 


Arcs  of  Circles^  having  a  Diameter^'  i ; 
or  Areas  of  Sectors  of  Circles^  having  a  Radius'='  i. 


Deff. 

Arc  or 
Sector 

Mm 

Arc  or 
-     Sector 

w.        Are  or 
***°-     Sector 

«^       Are  or 
^'^      Sector 

<5«v      Are  or 
^**^      Sector 

151     1 

t -31772 

1 

-00015 

31 

•00451 

1 

•000002 

31 

•000075 

152    ] 

[  -32645 

2 

•00029 

32 

•00465 

2 

•000005 

32 

•000078 

153    1 

[•33518 

3 

•00044 

33 

•00480 

3 

•000007 

33 

•000080 

154    ] 

I  -34390 

4 

•00058 

34 

•00494 

4 

•000  010 

34 

•000082 

155    ] 

[•35263 

5 

•00078 

35 

•00509 

5 

•000012 

35 

•000085 

156    ] 

[•36136 

6 

•00087 

36 

•00524 

6 

•000015 

36 

•000087 

157    1 

[  -37008 

7 

-00102 

37 

•00538 

7 

•000  017 

37 

•000090 

158    ] 

t -37881 

8 

•001 16 

38 

•00553 

8 

•000019 

38 

•000092 

159    1 

'  -38754 

9 

-OOI3I 

39 

•00567 

9 

•000022 

39 

•000095 

160 

[  39626 

10 

•00145 

40 

•00582 

10 

•000  024 

40 

•000097 

161     1 

[  -40499 

11 

•00160 

41 

•00596 

11 

•000026 

41 

•000099 

162    1 

[•41372 

12 

•00175 

42 

•oo6u 

12 

•000029 

42 

•000  102 

163    1 

[  -42244 

13 

•00189 

43 

•00625 

13 

•000031 

43 

•000  104 

164    1 

1-43117 

14 

•00204 

44 

•00640 

14 

•000  034 

44 

•000  107 

165    ] 

[•43990 

15 

•00218 

45 

•00655 

15 

•000  036 

45 

•000  109 

166    1 

[  -44862 

16 

-00233 

46 

•00669 

16 

•ooo  039 

46 

•000  112 

167    ] 

'•45735 

17 

•00247 

47 

•00684 

17 

•000041 

47 

•000  114 

168    ] 

1  -46608 

18 

-00262 

48 

•00698 

18 

•000044 

48 

•000  116 

169    ] 

[  -47380 

19 

•00276 

49 

•00713 

19 

•000046 

49 

•000  119 

170    1 

I  -48353 

20 

-00291 

50 

•00727 

20 

•000049 

50 

•OOO  121 

171     ] 

[  -49226 

21 

•00305 

51 

•00742 

21 

•000051 

51 

•000  124 

172    1 

1-50098 

22 

•00320 

52 

•00756 

22 

•000053 

52 

•000  126 

173    1 

[-50971 

23 

•00335 

53 

•00771 

23 

•000056 

53 

•000  129 

174 

[•51844 

24 

•00349 

54 

•00785 

24 

•000058 

54 

•000  131 

175    1 

[•52716 

25 

•00364 

55 

•coboo 

25 

•000061 

55 

•OOO  133 

176 

^•53589 

26 

•00378 

56 

•00814 

26 

•000063 

56 

•000  136 

177    1 

[  -54962 

27 

•00393 

57 

•00829 

27 

•000065 

57 

•000  138 

178    1 

^•55334 

28 

•00407 

58 

•00844 

28 

•000068 

58 

•000  141 

179    1 

[  -56207 

29 

•00422 

59 

•00858 

29 

•000070 

59 

•000  143 

180    ] 

[  -57080 

30 

•00436 

60 

•00873 

30 

•000073 

60 

•000  145 

MISCELLANEOUS  TABLES 


Powers, 

Rcois,  and  Reeipnxah. 

Number       - 

,qun 

r" 

:ub. 

Fifth 

"(1 

Power 

pr«l 

(VOI 

OOOI 

, 

2154 

39S1 

■00001 

:;§ 

100- 

0-OIG 

1225 

2466 

4317 

■00003 

66-667 

0-02 

0004 

2714 

4573 

•2140 

SO- 

0-025 

0006 

Isst 

2924 

4782 

■2287 

40- 

0-03 

0009 

•731 

3107 

4959 

■ooot7 

■2460 

33333 

0-03S 

ooia 

187 1 

3'7' 

S"S 

■00023 

•2616 

38-S7I 

0-0* 

00)6 

34» 

S*S3 

■00032 

■27S9 

25- 

&045 

t«io 

2121 

3557 

5378 

■00043 

■rf93 

32-311 

0-05 

■0025 

2236 

3fi84 

5493 

-00056 

•3017 

ao- 

0-055 

■0030 

^345 

3803 

SS99 

■3134 

18-182 

0'06 

■0036 

2449 

39 '5 

5697 

-oooSS 

■3»45 

■6-«67 

0065 

255° 

402  i 

5789 

■00108 

■335" 

;j:g| 

0-07 

■0049 

2646 

4121 

5875 

■00130 

■345? 

O'OrS 

■0056 

2739 

4217 

5957 

■001 54 

■3548 

'3-333 

D-oe 

t»64 

28j8 

4309 

6034 

■00181 

■3641 

12-5 

0035 

■007a 

2915 

4397 

■6108 

-00211 

■3731 

11-764 

0-69 

■0081 

3 

44S1 

6178 

■00143 

■3817 

0-09B 

■0090 

w 

4563 

«245 

■00278 

■3900 

10-526 

0-1 
016 

M2S 

3162 

3873 

4642 
1^ 

X^ 

s; 

■3981 
■4682 

6-6667 

0-2 

4472 

7248 

■0179 

■5253 

5- 

0-26 

S 

■6300 

;ss 

■0313 

■J"l 

4- 

0-3 

■09 

5477 

6694 

•0493 

-6178 

^« 

0-3S 

iziS 

59-6 

7047 

8106 

■0769 

■6571 

0'« 

160S 

6314 

7368 

8326 

■6931 

'■5 

0-46 

MIS 

6708 

7663 

8524 

■1358 

•7266 

3-3  U3 

0-6 

25 

7071 

7937 

8706 

■1768 

7579 

3* 

D-S2 

2704 

7211 

8041 

8774 

■1950 

-7698 

1-9331 

0-64 

3916 

7348 

8143 

8841 

■2143 

78S6 

■■8519 

0-66 

3136 

7483 

8^43 

890s 

■2347 

■7930 

1-7857 

0-58 

3364 

7616 

8340 

8968 

"'sS' 

-8042 

1-7241 

0-6 

36 

7746 

8434 

9029 

-2788 

-8152 

1-6667 

0-G2 

3844 

7874 

8527 

908S 

•8160 

I -6139 

0<G4 

4096 

8 

8618 

9.46 

■3277 

■8365 

I -5635 

0-66 

435^ 

8124 

8707 

9203 

■3539 

■8469 

I  5153 

0-68 

4624 

8246 

8794 

9258 

■38 -3 

■8570 

1-4706 

(V7 

49 

8366 

8879 

•iii^ 

■4100 

■8670 

1-4286 

0-72 

I184 

848s 

8963 

9364 

■4399 

iJf' 

.-3889 

0-74 

5476 

S602 

9045 

9416 

■4711 

■8865 

1-3514 
1-3158 

0-7B 

S776 

87.8 

^,.26 

94« 

■5036 

•8961 

0-78 

6084 

883a 

■920s 

■9515 

■S373 

■9054 

■  ■3831 

0-B 

64 

S944 

■9*83 

■9S64 

•S724 

■9'46 

1-2S 

AND  DATA. 


Pffwerz,  Soots,  and  Reeiproeah. 


NnmbH 

.«. 

te 

Cube 

S^. 

'i7 

of  I 

RKi- 

O-K 

■6734 

-9055 

-9360 

■9611 

■60S9 

■9117 

1  3195 

0-M 

■7056 

•9165 

•9435 

;9657 

■6467 

■93J7 

;si 

0-86 

■7396 

■9274 

■9510 

-6S59 

•9415 

088 

■7744 

■9jSi 

-9583 

■9748 

■7265 

-9502 

'364 

0-9 

'Si 

-94S7 

■9  55 

-979" 

-76S4 

■9587 

0-92 

■8464 

-9592 

-9726 

■9H3+ 

-SllS 

■9672 

1-0870 

D-H 

■8836 

■9695 

■9796 

-9877 

■8567 

■9756 

1-0638 

0-96 

■g2T6 

•9798 

■9il6s 

■9918 

■9030 

■9838 

0427 

0-98 

■9604 

■9899 

■9933 

■9960 

■950/ 

-99JO 

VK 

1-0404 

1-C099 

iix>6<) 

1-0040 

1-050S 

1-0080 

0 

98039 

1-04 

roSio 

[-olyS 

1-0133 

1-0079 

1  1030 

1-0158 

96154 

1-06 

.-i!36 

1-0396 

1-0190 

1-0117 

i;is69 

1-0236 

94J40 

1-oa 

■  ■1664 

1  '039! 

1-0260 

'■OIS5 

1-0313 

93593 

1'l 

■■04K8 

1-0313 

1-0191 

.■2691 

1-0389 

90909 

l-tt 

1Z544 

■■0583 

1-0385 

'■327s 

l-04(>4 

S9286 

1'U 

1-2996 

.■0677 

1-0446 

1-0166 

1-3876 

1^538 

87719 

vte 

1-34S6 

1-0770 

1-0507 

1-0301 

l-44'32 

1-C6l2 

S6307 

1'I8 

i-sw 

1-DS63 

■  ■0567 

1-0337 

1-5,26 

1-0685 

84746 

1-2 

1-4400 

1-09S4 

1-06.7 

1-0371 

'■5775 

'■0757 

83333 

1-22 

1-4834 

I -1045 

.0685 

1-0405 

1-6440 

i-o8j7 

81967 

124 

1-S376 

11.36 

"■0743 

1-0440 

1-7122 

lt«99 

80645 

t-26 

1-5S76 

l'I22S 

■■0473 

1-7B2I 

1-0969 

79365 

128 

1-6384 

i-i3'4 

10858 

1-0506 

1-8536 

.-1038 

78125 

V3 

1-6900 

1-0914 

1-0539 

.-9269 

1-1107 

76923 

1-32 

1-7414 

I -1 489 

1-0970 

1-0571 

3 -0018 

11175 

75758 

l-M 

1-79S6 

■■1576 

1-1025 

2-0786 

1-I24i 

74627 

1-36 

.■8496 

i'i6:9 

t-1079 

1-0634 

3-1570 

11309 

73529 

1'38 

1-9044 

'-1747 

11133 

1-0665 

3-2372 

11375 

72464 

1-* 

.-96 

■■1S32 

.•i.87 

1-0696 

a-3196 

1  -.443 

71439 

!■« 

i-o[64 

1-1916 

1-1Z43 

I -0734 

1-4028 

11522 

70423 

I'U 

30736 

1-1292 

1-0757 

3-4883 

1-1570 

69444 

1'J6 

2:316 

1  ■10S3 

I -'344 

1-0786 

3-5756 

1-1634 

68493 
675(5 

1-48 

2-1904 

i';i6b 

T-1396 

i-o8i6 

2-6648 

.1698 

(■8 

2-25 

1-2IJ7 

1-1447 

1-0845 

3-7556 

■  -.761 

t'S5 

2-4015 

1  -2450 

i'iS73 

1-0916 

29911 

1-1916 

645.6 

1'6 

2-S6' 

1-2649 

■  ■1696 

1-0986 

3-2382 

■  2o6S 

63I 

1-65 

1-7225 

■-2S4S 

.1817 

i;io53 

3-4971 

2'22lS 

60606 

1-7 

2 -89 

■■30JK 

■  ■193s 

3-768. 

.■2365 

58S24 

175 

3 '0625 

1-3229 

1-2151 

!-n8^ 

4-0513 

1-2509 

57143 
SSS56 

1-8 

y^ 

1-3416 

.-2.64 

1-1247 

43469 

.■265, 

1-85 

3 '43*5 

1-360. 

.-2*76 

I -1309 

4-6551 

I-I790 

54054 

1-9 

3'6l 

1-3784 

1-2386 

I -1370 

4-9760 

t-J927 

.■5.63.  1 

MISCELLANEOUS  TABLES 
Powers,  Roots,  and  RtdprtxaU. 


ubc 

Fifth 

9aw= 

Po«r 

Rrd- 

Nu»,U, 

^■^ 

tS^ 

R«. 

»ri 

3T 

1..^ 

1-95 

rSQJs 

1-3964  I 

2493    < 

14!9 

S-309S 

■  3062 

0-51381 

2- 

2599    1 

.487 

5-6569 

I -3 '95 

o-S 

J-l 

4'4« 

1-449'     1 

2tJ06     1 

1600 

6-3834 

::S3 

0-47619 

2-2 

4 -84 

.4831     ' 

3006  1 

1708 

7-1790 

°;45«ss 

JS 

S-29 

1-SI66    I 

3200  I 

.8.3 

B-0J27 

"■3954 

2'4 

S7fi 

1-5491    1 

3389  1 

'9'4 

89214 

1-4194 

2'5 

e-is 

■  ■58'i    I 

3571  ' 

9-8823 

1-4427 

0-4 

!7S 

7-5615 

.-6583    I 

4010   I 

2342 

■  3-541 

1-49S8 

0-36364 

3' 

9' 

17321    I 

44^3    ' 

.1457 

.5-589 

11^8 

0-33J33 

■iV, 

10-56JS 

i-BojS    1 

48.3    I 

2658 

'9041 

0-30769 

3'5 

IJ-JS 

1-8708    I 

5'83    I 

2846 

22-918 

I-6S05 

0-28571 

W6 

l4'o6is 

'■9365    1 

553"    ' 

3026 

27-232 

1-0967 

0-26667 

4' 

[6- 

5874    • 

319s 

32' 

I -7411 

0-25 

4-2S 

180625 

io6i6    1 

6198    I 

3356 

372361 

.7S38 

0-33539 

4'5 

JO-IS 

i-tai3    1 

65.0    . 

35'° 

42-9561 

1-82;. 

475 

"•5625 

j-1794    I 

68io     I 

3656 

49-1731 

.-S650 

oaios3 

6- 

3S' 

2-2361    I 

;o99    1 

3804 

SS-90I0 

1-9054 

6'25 

37 '563 

2-2913    I 

7380    . 

3933 

63''54 

1-9414 

019048 

6'S 

30-15 

1-3452    1 

76J3    1 

4063 

70-943 

1-9776 

0-18183 

6-7S 

33-o*3 

3-3979    ■ 

79i5    1 

4.S9 

79-283 

2-0.3J 

0-.739' 

fr 

36- 

»-449S    ' 

8171    1 

43:0 

88- 176 

2-0477 

0-16667 

6-25 

39-i'63 

2-5          1 

8420    1 

4427 

97-657 

2^.4 

o-i6 

6'S 

42-15 

i-549S     I 

8663    1 

454< 

10771 

2-1143 

=''ii 

6-76 

4S-5&3 

3-5981     . 

8899    ' 

4651 

i'B-38 

2-1405 

7- 

2-6458     1 

9129    1 

4758 

129-64 

2-1779 

0-143S6 

7'!5 

52'563 

26926     I 

9354    1 

4862 

141 -53 

3-2087 

0-13793 

7'6 

56-15 

2-7386     > 

9574    ' 

4963 

154-04 

22388 

o- 13333 

7-76 

60-063 

2-7839     I 

9789    ' 

5061 

167-21 

2-2684 

01 2903 

B' 

64- 

5'S7 

iSi'ol 

22974 

0-125 

mh 

68-063 

1-8723    = 

0206    1 

525' 

'95 -49 

^■3258 

8S 

ja-J5 

2-9ISS     2 
2-9580    2 

0408    t 

534= 

2.4-64 

3-3538 

o-I"63 

B76 

76SS3 

Q606    1 

543' 

226-48 

3 -38 '2 

01(439 

S' 

Ki- 

3"           * 

dSoi     1 

5SiS 

243- 

2-4082 

9-6 

90-25 

J-0S22    2 

"79    1 

5687 

278-16 

2-4609 

0-10526 

10- 

3-1633    2 

'544     1 

5849 

316-23 

2-5119 

0-. 

It 

3-3'M    3 

2239     I 

6(54 

401-31 

2-6095 

0-090909 

12 

J44 

34641    2 

28^     ' 

6437 

498-83 

2-7019 

0-083333 

13 

169 

36056    2 

3513    ' 

60934 

2-7896 

0-076923 

14 

196 

3-7417    2 

6952 

733-36 

2-8738 

0-071429 

ts 

"S 

3-8729   3 

4662    r 

718S 

87.-42 

2-9543 

0-066667 

16 

256 

4"             ' 

5.98    I 

74" 

1024- 

3-03'4 

0-05SSI4 

17 

2S9 

4113'     2 

57 '3    ' 

7623 

1191-8 

3  '058 

IB 

3*1 

4-3436    a 

6207    I 

7826 

'374-6 

3-1777 

0-055556 

AND  . 

DATA. 

1G9 

Powers^ 

Roots,  and  Reciprocals. 

Number 

Square 

Square 
Root 

Cube 
Root 

Fifth 
Root 

Power 
of| 

Power 
off 

Reci- 
procal 

19 

361 

4-3589 

26684 

I  8020 

'573-5 

3-2472 

0*052  632 

20 

400 

4*4721 

2-7144 

1-8206 

1788*8 

3-3145 

0*05 

21 

441 

55826 

27589 

I  -8384 

2020*9 

3-3798 

0*047  619 

22 

484 

46904 

2 -8020 

1-8556 

2270*11 

3-4433 

0-045  455 

23 

529 

47958 

2-8439 

I  8722 

2537*00 

3-5050 

0*043  478 

24 

576 

4-8989 

2-8845 

I  -8882 

2821*8 

3-5652 

0*041  667 

25 

625 

5* 

2  -9240 

1-9037 

3125*0 

36239 

0*04 

26 

676 

50990 

2  9625 

1-9186 

3446-9 

3-6812 

0*038  462 

27 

729 

5-1962 

3- 

1-9332 

3788-0 

3*7372 

0037  03-: 

28 

784 

5-2915 

30366 

I  -9473 

41485 

3-7920 

0035  714 

29 

841 

53852 

30723 

1-9610 

4528*9 

3-8455 

0*034  483 

30 

9CX3 

5-4772 

3-1072 

1-9744 

4929-5 

3-8981 

0033  zzz 

31 

961 

55678 

3-I4I4 

I  -9873 

5350-6 

3  9493 

0*032  258 

32 

1024 

5-6569 

3-»748 

2- 

5792*6 

4- 

0031  250 

33 

1089 

5-7746 

32075 

2*0124 

6255-8 

4-0495 

0030  303 

34 

II56 

58309 

32396 

2*0244 

6740-5 

4*0982 

0-029  412 

35 

1225 

5-9161 

3-2711 

2  -0362 

7247 -2 

4*1460 

0-028  571 

36 

1296 

6- 

3-3019 

2*0477 

7776*0 

4*1930 

0-027  778 

37 

1369 

6-0828 

3-3322 

2*0589 

8327-3 

42392 

0-027  027 

38 

1444 

6-1644 

3-3620 

2*0699 

8901-4 

4*2846 

0026  316 

39 

1521 

6-2449 

3.3912 

2*0807 

9498*6 

4-3294 

0-025  641 

40 

i6cx) 

63245 

3-4200 

20913 

I0I20 

4*3735 

0-025 

41 

1681 

6-4031 

3-4482 

2*1017 

10763 

4*4169 

0-024  390 

42 

1764 

6-4807 

3-4760 

2*1118 

1 1432 

4-4596 

0-023  809 

43 

1849 

65574 

3-5034 

2-I217 

I2I24 

4*5018 

0023  256 

44 

1936 

6-6332 

3-5303 

2*13x5 

12842 

4-5434 

0-022  727 

!      45 

2025 

6-7082 

3-5569 

2*1411 

13584 

4-5844 

0*022  222 

46 

2116 

67823 

35830 

2*1506 

I435I 

4-6249 

0*021   739 

47 

2209 

68557 

3-6088 

2*1598 

I5I44 

4*6649 

0021  277 

48 

2304 

6*9282 

3*6342 

21689 

15962 

4-7043 

0*020  833 

49 

2401 

7- 

3-6593 

2*1779 

16807 

4-7433 

0*020  408 

50 

2500 

7-0711 

3  -6840 

2*1867 

17677 

4-7818 

0-02 

51 

2601 

7-1414 

3-7084 

2-1954 

18574 

4-8198 

0*019  608 

52 

2704 

7-2111 

37325 

2*2039 

19499 

48574 

0*019  231 

53 

2809 

7-2801 

37563 

2*2124 

20449 

4-8945 

0018  868 

54 

2916 

73484 

37798 

2*2206 

21428 

4-9313 

0*018  519 

55 

3025 

7-4162 

3-8030 

2*2288 

22435 

4-9676 

0-018  182 

56 

3136 

7-4833 

38259 

2*2369 

23468 

5-0035 

0*017  857 

57 

3249 

75498 

38485 

2*2448 

24529 

5-0391 

0*017  544 

58 

3364 

7-6158 

3-8709 

2*2526 

25619 

5*0742 

001 7  241 
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Powers,  Soots,  and  Reciprocah. 


Nu.b.r 

Squjire 

fc 

Cube 

R^'; 

^7" 

ii_ 

Red- 

59 

34SI 

7-68.. 

3-8930 

a -2603 

26638      s 

1091 

0-0.6949 

60 

3600 

77460 

3  9 '49 

2679 

2JS8S       s 

143S 

0-016667 

61 

3721 

7 -8102 

3-9365 

2754 

29061       5 

1776 

0-016  393 

G2 

3Ji44 

78740 

3  9579 

2829 

30267      5 

0-016  139 

S3 

^'^ 

79372 

3 '9791 

2902 

31503      5 

2449 

o\).5  873 

64 

4096 

8- 

2974 

32768      5 

o-ois  62s 

66 

4125 

8-0623 

4-0207 

304s 

34063     s 

3109 

0-015385 

66 

4356 

8.340 

4-0412 

3116 

3538S      5 

3434 

0-015  15' 

67 

4489 

8-.8S4 

4-0615 

3185 

36744      5 

3756 

00 14  915 

68 

4bi4 

8-2462 

4-0817 

3254 

38130      5 

4076 

0-014706 

4761 

8-3066 

4-ioi6 

3322 

39547      5 

4393 

0-014  4^3 

70 

4900 

8-3666 

4-12.3 

3389 

40996      5 

4707 

0-014  286 

71 

5041 

8-4361 

4- 14^ 

3456 

♦2476      5 

5018 

0-014  085 

n 

5'84 

84853 

35" 

439S7      5 

5326 

0-013  8#y 

73 

5329 

8-5440 

4- 1793 

J5S8 

4S531       5 

5039 

o-oi )  t^, 

74 

5476 

8-0023 

4-1983 

3651 

47106      5 

0-013  S'4 

7S 

562s 

8-6603 

4-2172 

37'4 

48714      5 

6237 

o-o'3  333 

.76 

5776 

87178 

4-2358 

3777 

50354      5 

6536 

0-013  158 

77 

S9J9 

8-7750 

4-2M3 

3S40 

683* 

0-012987 

78 

6084 

8-8318 

4-=;J7 

3901 

53732      ^ 

7137 

0012  S21 

79 

6241 

8-8882 

4-2908 

3962 

55471       s 

74"  8 

0-012  65S 

80 

6400 

8-9443 

4-3089 

4022 

57243      5 

7708 

0-012  5 

81 

6s6l 

r 

43267 

4081 

59049      5 

790s 

0-012  3l6 

82 

6724 

9 'OSS* 

4-3445 

4141 

6o8SS      5 

8281 

83 

68S9 

9-1104 

4-3621 

4200 

62762      5 

8564 

o^ls^ 

84 

7056 

9-1652 

4-3795 

425a 

64669      s 

8845 

o-oii  905 

B5 

7225 

9-2:95 

4-396S 

4315 

66611       5 

■9125 

0^11765 

86 

7396 

9-2736 

4-4140 

4372 

685S9      5 

940J 

O-OII  638 

87 

7569 

9 '327 3 

4-4310 

70559      5 

9677 

O-OI  1  494 

88 

7744 

9 '3808 

4-4480 

448s 

7264s       S 

9951 

0-0.1364 

7921 

9 '4340 

4-4647 

4540 

74726      6 

0-0..  236 

90 

Sioo 

9-4»68 

4-4S14 

4595 

76843       6 

0492 

91 

82S1 

9-S3M 

4-4979 

4650 

78995       6 

0760 

0-010989 

93 

8464 

9-5917 

4-5144 

4703 

81 .S3       6 

1026 

0-0.0  S70 

93 

8649 

9-6437 

45307 

4757 

83408       6 

1291 

0^10  I3I 

94 

8836 

9-6954 

4-S46S 

4810 

85668       6 

1553 

95 

9025 

97468 

4-5629 

4863 

87964       6 

1814 

0-0.0536 

96 

92 16 

97980 

4-5789 

4015 

90298       6 

2074 

o-oio  417 

97 

9409 

9-8489 

4-5947 

4966 

9266S       6 

2332 

0-010309 

93 

9604 

9-8995 

4-6  04 

SQlS 

95075      6 

258S 

0-010  204 

99 

9801 

9-'1499 

4-6261 

5068 

975'9      6 

2843 

100 

10000 

.-D 

4-6416 

3-5119 

100000      6 

3096 

o-ol 

NOTL^Tliii  UbleBdmiti  of  finding  the  foimh  aiMJ  fifth  powen  of  aniulicn. 
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Hydraulic  Machines: — Return  of  Motive  Power, 

Deduced  from  Morin*s  experiments. 


- 


Lift  pump  . 
Force  pump 
Fire  engine 

Chinese  wheel 

Flash  wheel 

Wirtz  pump 

Rotary, 

Stotz  pump 
Leclerc 

Centrifugal, 

Piatti 
Appold 

Gwynne 

Girard 
Vertical  helix 


{ 

/ 

L 


{ 


Water  Rams, 

Montgolfier         .  < 

Caligny 

Foex 

Dartige's  balance 

Belidor 

Huelgoat    . 

Pfetsch 


Proportion 

of  Motive 

Power 

yielded 


•316 
•516 

•233 
•36 

75 
•181 

'640 


•43 
•307 


•20 

70 

•190 

•300 

.300 

•19 


•47 
•80 

•43 

•55 

72 

not  used 

•45 
771 


Fire  Engines, 

Merryweather 
Tylor    . 
Letestu 
Perry    . 
Flaud   . 
Perrin  . 

Drainage  Pumps. 

Denizot 
Delpech 
Letestu 

Millus  . 

Supply  Pumps, 

At  Ivry  (feeder  alone) 
At  Ivry  (three  pumps) 
At  St.  Ouen 
At  Lisbon  (Farcot) 
Solid  piston  pumps 

Oscillating  Pumps. 

Vascile's  fire-engine 
Gray's  oscillating  . 


Propor- 
tion of 
Motive 
Power 
yielded 


•572 
•625 

•452 
•300 
•194 
•210 


•690 
•600 

•513 
•502 


•230 

•530 
•696 

•652 

•900 


•^50 
•45 


Propor- 
tion of 
Water 
raised 


•920 
•887 
•910 
•910 
•920 
•900 


•930 
•926 
•940 


Hydraulic  Contrivances, 
(By  the  Author.) 


Coefficient 

of  reduction 

for  power 

Coefficient 

of  redacdon 

for  power 

Baling 
Windlass  . 
Dal  (Indian)     . 
Dal  (South  India)      . 
Beam  and  bucket 
Picotah  (S.  Indian)    . 

075 
050 

070   • 

070 

080 

o*8o 

Single  chain  of  pots  . 
Double  chain  of  pots . 
Single  M6t  (Indian) . 
Double  M6t  (Indian). 
Coir*mon  pump .         . 
Lift  and  force-pump  . 

055 

0'6o 
070 
o*6o 
0*50 
0'6o 
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Meffioranda  for  Canversum  of  Quantities. 
Expiesied  in  commercial  measure. 


MEASURES. 


Feet 

X 

0-015 

Feet 

X 

0-00019 

-Miles. 

Square  feet 

X 

0111 

B  Square  yards. 

Square  feet 

X 

0-000023 

a  Acres. 

Cubic  feet 

X 

^'IZ 

^Gallons. 

Cubic  feet 

X 

^'11% 

-i  Bushels. 

Cubic  feet 

X 

0-037 

—Cubic  yards. 

S«e  also  pages  14  and 
15  of  tlie  text  for 
scientific  system  at 
32^  and  39*^  Fahr. 


RAINFALL. 


Feet  of  downpour  x  193600*  —  cubic  feet  per  square  mile. 
Feet  of  downpour  x       302  -6  a  cubic  feet  per  acre. 


DRAINAGE  AREAS. 


The  drainage  from  i  square  mile 
collecting  i  foot  in  depth  yearly 


Feet  per  second 
Feet  per  second 
Feet  per  second 
Feet  per  second 


Cub.  feet  per  sec. 
Cub.  feet  per  sec. 
Cub.  feet  per  sec. 
Cub.  feet  per  sec. 
Cub.  feet  per  sec. 
Cub.  feet  per  sec. 
Cub.  feet  per  sec. 
Cub.  feet  per  sec. 


X 

X 


X 
X 


^will  irrigate  176  acres  at  a  duty  of 
200  acres  per  cubic  foot  per  second, 
will  supply  47»5So  inhabitants  at  a 
duty  of  10  gallons  daily,  will  yield 
'8833  cubic  feet  per  second  through- 
out the  year. 


VELOCITIES. 

'68  give  miles  per  hour. 

60  give  feet  per  minute. 

20  give  yards  per  minute. 

1200  give  yards  per  hour. 

DISCHARGES. 

2  '2  give  cubic  yards  per  minute. 

133  give  cubic  yards  per  hour. 

3200  give  Cubic  yards  per  day. 

6J  give  gallons  per  second. 

375  give  gallons  per  minute. 

22  give  thousands  of  gallons  per  hour. 

500  give  thousands  of  gallons  pec  day. 

2400  give  tons  per  day. 
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WEIGHT. 


Onbklbec.  GaUont. 

1«  «       6*232  and  weighs  62*32  lbs. 

•1605  -1  and  weighs  10  lbs. 

1*8  ■■     11-2  and  weighs  1  cwt. 

85*943  «  224  and  weighs  1  ton. 

1  cubic  inch       «         *0036  and  weighs  '0361  lbs. 

1  fluid  ounce  weighs  437*5  grains. 

1  Tkoy  ounce  measures  8  fluid  drams,  46  minims. 

1  Avoirdupoii  ounce  measures  8  fluid  drams. 
1  lb.  Troy     »  5760  grains      »  6319*54  minims  of  water. 
1  gallon        » 76800  minims  »  70000  grs.  of  water. 
1  lb.  Avoir.  »  7000  grains      ■■  7680  minims  of  water. 

All  comparisons  between  measures  of  capacity  and  those  of  weight  are 
made  with  distilled  water  at  a  maximum  density,  at  a  specific  gravity  of  1 ; 
but,  in  commercial  measure,  the  vessel  is  at  a  temperature  of  62^  Fahr. 


PRBSSURB  OP  WATER. 

H-r  head  of  water  in  feet  H«Px  0*016 

P  > pressure  in  lbs.  per  square  foot  P a H  x  62*32 

HORSE-POWER. 

1  HP -33000  lbs.  of  water  raised  1  foot  in  1  minute. 

B  884  tons  of  water  raised  1  foot  in  1  hour. 
Theoretical  HP»  *113  Q  x  fall  in  feet. 

The  drainage  of  10  square  miles  collecting  12^^  yearly  gives  1  HP  for 
each  foot  of  falL 

For  pumping  engines  of  the  best  class,  allow  HP  a  '142  Q  H  where 
Q  ■  quantity  raised  in  cubic  feet  per  second,  H*  height  in  feet 

Towage. 
The  general  formula  referred  to  in  the  text  is 

where  iZsthe  pull  on  the  rope  in  pounds, 

T^  the  displacement  of  the  barge  in  tons, 
Fm  the  velocity  through  the  water, 

&  sa  coefficient  var3ring  with  the  form  of  the  barge,  from 
*109  to  -369. 

I  I 
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Constants  of  Labour, 
(Hurst) 

EARTHWORK. 

Expressed  in  terms  of  a  days  labour  of  lo  houn. 
Days  of  a  Labourer. 


Son 

■  ■<  - 


Ezcavaticg  only 


Soft      Modenue 
.  per  cub.  yard     -050        *ioo 


»» 


in  rock  requiring  blasting 


Throwing  5  feet  high,  or  filling  trucks 
Filling  barrows  .  .  .  . 
Removing  with  wheelbarrow  to  25 ) 

yards'  distance     .        .        .        ' 
Filling  at  back  of  walls    . 
Ramming  earth  in  6-inch  layers 

,,  „        12-inch        .        . 

Levelling  earth  from  barrow-heaps 

without  throwing . 


} 


»> 


Light 
XhS 

•045 
•026 
-048 

•025 

*0I2 


Heavy 

•052 
•030 

•05s 


-019 


Levelling  and  trimming  slopes  .        .  per  sq.  yard     *020  to  *030 
Turf  4  inches  thick,   cutting  and) 


stacking  only 


II 


11 


resodding  only    . 


i> 


II 


II 


II 


•045 
•065 


HmS 
*200 

•4SO 

Wet 

mnd 

•06s 
•061 

t)30 
t>58 


Days  of  driver,  horse,  and  cart.     (See  also  Cartage  Table.) 

Removing  220  yards*  distance,  per  c.  yard  .         .     '035  to   -040 
Each  additional  220  yards        ,,        ,,         .         .     '020  to   "025 

N.B. — The  vertical  transport  of  earth  is  equal  to  15  times  the  same 
horizontal  distance  when  barrows  are  used,  and  12  times  when  horses  and 
carts  are  employed. 


Days  of  an  Indian  Coolie. 

Excavating  down  to  9  feet,  carrying  to  25  yds.  in  a 
basket  and  depositing  up  to  6  ft.,  per  cub.  yard 
Excavating  down  to  15  feet  .         .         ,,         „ 
Add  for  each  3  feet  more  of  depth  or  height  of 
delivery,  or  for  each   15  yards'  additional  dis- 
tance   per  cub.  yard 


Sand        Gravel 


Sion 


1-25 
2*00 


•25 


2*00 

275 


•25 


375 
450 


•25 
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Constants  of  Labour. 

(Hurst.) 

bricklayers'  work. 
Expressed  in  terms  of  a  day^s  labour  <f  lo  hours. 

One  Bricklayer's  Labourer. 

Days 
Mixixig  concrete,  wheeling  and  throwing  from  a  stage,  per  cub.  yard    *3oo 

Mixing  mortar  with  a  shovel „          „  720 

A  two-horse  pug-mill  mixes  25  cubic  yards  of  mortsr  in  .        .  i  * 

Picking  up  and  stacking  bricks  without  moving .        .        per  1,000  '150 

„                       „             if  handed  to  him        .             „  *ioo 

Selecting  bricks  for  facings „  *300 

Taking  down   old    brickwork    in    mortar,    cleaning   and    stack- 

ing  .........  per  cub.  yard  '410 


One  Bricklayer  and  Labourer. 

Dmys 

Brickwork  in  mortar  to  walls,  exclusive  of  face  work,  per  cub.  yard  '320 

„        in  cement „  '373 

„        in  mortar  to  covering  arches          .        .        .          ,,  '410 

Pointing  flat  joint  in  mortar  and  raking  out  mortar  joints  per  sq.  yard  *i  10 

Pointing  flat  joint  in  cement  and  raking  out  cement  joints .         „  *i  70 

Pointing  tuck  in  cement  and  raking  out  cement  joints     .         „  '258 

Paving  with  stock  bricks  on  edge  in  mortar   .        .        .        ,,  *od6 

„                „                „      in  cement  •        .         .         „  'lOO 

Lajring  and  jointing  in  cement  3- inch  drain  pipes  .        per  lin.  yard  *024 

»»                >>                >>         o            ,,                •        •        „  '048 

»>                f»                >»         9            »>                .         .        ,  '069 

>t                f»                »>       ^2            »»                •        •        >>  *093 

»•               f»               i>       ^8           »,                •        •        „  *i5o 


One  Bricklayer  only. 

Davs 

Working  each  fiiir  face  to  brickwork  and  pointing .        .  per  s.  yd.  *o8o 

Working  each  fair  face  in  malms  or  facing  of  superior  bricks 

per  s.  yd.  'I17 

Working  each  fair  face  in  malms,  circular  to  template             „  '189 

Rough  cutting  to  brickwork ,,  *I35 

Fair          „                „                   „  360 


I  12 
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Constants  cf  Labour — (continued). 

(Hurst) 


masons'  work. 
Days  of  a  Labourer. 

Rubble  stone. — Filling  barrows    .... 
„  Removing  25  3rards  and  returning     . 

,,  Unloading  barrows  .... 

„  Taking  down  old  masonry  in  mortar, 

cleaning  and  stacking         .        • 
Breaking  stone  to  i  Y  ordinary  limestone 
,,  granite  or  very  hard  stone 

Spreading  the  same  for  metalling  3''  deep 


per  cubic  yard 


•» 

t9 
ft 
•  9 


per  square  yard 


Days  of  a  Mason  and  Labourer. 

Hubble  masonry,  dry  in  foundations      .        .        .     per  cubic  yard 

in  pnortar  above  foundations 
all  beds  being  horizontal  . 
in  cement  ,>  .        • 

Ashlar  masonry,    12"  thick  and  in   12^  courses, 

rubble  with  chisel-drafted  margins  . 
Cubed  stone  hoisted  and  set  in  mortar   . 

,,   in  cement  . 


If 


»f 

ff 


»* 


>9 


»f 

ft 
ff 

ff 
If 
ff 


99 
99 
9f 

99 
ff 
ff 


'040 
x)30 

*6oo 
•700 
•930 
-022 


Days 
*240 

•310 

*48o 
•570 

2'i6o 

•756 
•945 


Days  of  a  Mason  only. 

Add  to  rubble  masonry  for  each  fair  face 

if  hammer  dressed 
if  curved    . 

Squaring  2"  flags  for  paving  . 

4" 


ff 

If 


It 
ft 


19 


It 


Days 
per  square  yard     ^090 

•360 

•414 
•072 

•135 


ft 
ft 
ft 
99 


99 
99 
99 
99 


Days  of  a  Mason  on  stone  of  various  sorts. 


Whole  sawing,  or  axing,  per  square  yard 
Plain  work  1 


„  circular 

Sunk  work 


ft 


circular 


} 


Moulded  work  1 

circular  / 


99 


ft 
If 
ft 
it 
99 

99 


Caen 
Days 
•270 

•540 

•900 

•67s 

I -035 

1-395 
1*800 


Portland 
Days 
•540 

765 

1-395 
1*080 

1-575 
I  800 

2*700 


Granite 
Days 
1*270 

1*800 

2*160 

2135 
292s 

3-825 
4-905 


Conttants  of  Labour— {(xm^rxA). 
(HursL) 

PAVIORS',    FLASTERGBS',   SLATERS',    AND   rAIHTBKS'   WORE. 

Dajrs  of  a  Pavior  ukd  Labonrer. 
Coorscd  pilchei  paring,  6'',  in  gravel,  (/"  deep   .     per  iqnaje  yard 

,.  ..  ..  9     >.      ■ 

Add  for  gloating  and  KUii^  m  mortar       .        .  „  „ 

Days  of  ■  Slale-mason. 

Planing  slate  slabs per  square  yard 

P<dishing  slabs  with  very  fine  sand     ...  „  „ 

Plastering  on  under  side  of  sUiing      ...  „  „ 

Days  of  a  Sister  and  Labourer. 


0-076 
0-087 
0-O3S 


Days  of  a  Labourer, 


Miiii^  lime  and  hair 


per  cubic  yard    0-032 


Days  of  a  Plasterer  and  Labourer. 
Rendering  and  setting  or  Soatiog       .        ,        .per  square  yard 

Rendering  two  coats  and  setting         ...  „  „ 

LatMng  with  double  fit  laths     ....  „  „ 

Stucco  trowelled „  „ 

Rendering  with  cement  and  sand       ...  „  „ 

Rough  casting  in  time  and  fine  gravel         .        ,  „  „ 

Lime  whiting „  „ 

Whiting  and  size,  two  cows,  eic,  scouring         .  „  „ 

Coiouiing,  stone  or  bufT,  two  coats    ...  „  „ 

Days  of  a  Painter  or  Gtaiier. 


Knoning,  sloppiDfb  and  painting,  ist  coat 

-    per  square  yard 

o-ojs 

Second  or  following  coats,  each 

□■oia 

Tarring  with  Stockholm  tar,  isl  coat 

0-040 

Sash  squana,  each  side,  I  ciuts 

per  square 

0-009 

Stopping,  crown  glass  into  new  sashes 

.      per  squaie  foot 

o-oig 

n              <»W       ..    ■ 

..          ,, 

0-060 

MISCELLANEOUS  TABLES 


Centtants  of  Labour — (continued), 
(Hunt.) 

CARPENTEftS*  WOKK. 

Dayi  of  a  pair  ot  &a.wjtxs. 

Sowing,     Pine  or  Fii p«r  iqmie  foot 

1,         Asb,  beech,  elm,  tnrch      ...  ,i  „ 

K  uwing  add  two-tluids. 


Days  of  ■  Cafpenler. 
Working  Gr  into  rafters,  purlins,  joists,  when 

niider  l&  tq.  inches  in  section 
Under  36  sq,  in.  0-069  >  under  8t,  o'o6t 


ars 
0-0034 


Wotkiog  fir  into  rough  frames  as  naked 

over  16"  sq.  in.  .        .        .         , 

Working  St  into  trusses,  section  l&'  and  on 

Pnmiog  and  fixing  fir,  rough  under  iff 

„      over  81" 

I,  wrought  two  tides  under  16' 

„  wrought  al]  round  under  16^ 

„      over  81" 
Flaning  Gr  and  squaring    . 
Sawi:^  otf  end  of  sheeting  piles 
Single  tenon  and  mortice  in  fir  under  l&' 


0-080 


0-158 
0-017 


For  double  tenon  and  m 


x  add  one-thkd. 


AlfD  DATA. 


Cartas  TabU. 
(By  J.  H.  E.  Hart.) 


Constants  at  Lsboor  pet  too  and  per  i< 
day's  woik  of  a 


>  cubic  feet  in  terms  of  a 


No. 

c«tor 

C=..™.r„™..„o 

For  .  wtight  ofioad  of 

— 

BJc-t. 

- 

..^. 

h   to 

tt::l 

i6 

g 
6 

S 

4 
3 

li 

¥ 

■IS 

■333 

■s 

■667 

3'3 
4'7 

833 

S 

■149 
■196 

■2.15 
■294 
■392 

s 

1176 

2-3S 

"39 
■85 

278 
370 

i 

■las 
■167 
■3 

■25 

■333 
■4 

,?' 

133 

1-6 

c™u.,. 

«>C»ClllJcfHl 

ofl«d-|    of 

mp 

e 

8 

B 

10 

13 

16 

le 

,  10      16 

-0625 

1-041 

■781 

■694 

■625 

-511 

■4:7 

■39' 

"■389 

■'.'.<> 

■521 

1-667 

■Kli 

-62, 

■  ■■iftl 

;■« 

1-043 

■S33 

■167 

2-77S 

2-oB, 

1-667 

I -189 

1-042 

•*s 

4-167 

3 -"5 

2^778 

2-5 

l-oKl 

.-667 

I-S6T 

■333 

asi^ 

3  ■704 

3-333 

3     ..  3 

■5 

6-250 

5- 

4- 167 

3-333 

3'I2S 

1  I* 

7-407 

6-667 

■;-«6 

4^444 

4-167 

■3 

13 '333 

8 '889 

8- 

5-333 

5' 

51  ..  a  1  1 

"■5 

lo- 

8-333 

6^25 

hi 


^ 


f3 


INDEX. 


Abbot    Duly  tlischaige  method      .  . 

,,        See  alio  ioduded  with  Hurophrej. 

Anderson  uid  Appold.     Module 

Andenon  uid  StCTensoD,     Observationi  on  the  Ttt; 

D'Arcf.  Velodties  in  pipes 
„  Water-level  gauge 
„         See  also  included  with  Baiin. 

D'AubuiuoD.     Grsvity  formula 
„  Geneni  refcience 

„  Locks,  basins.  &C.,  fonnnlx 

„  Velocity  fonnula 

Baldwin  and  Whistler.     Surbce  velodty  gauging 

Bateman  and  Thomson.     Tbickuesl  of  water-pipes 

Baiin  and  D'An^.    General  reference    , 

FouTcat^ories  ofco-efficienti  . 
Maximam  Telocity  fonnola 
Velocities  in  channels    . 
Velocities  in  large  channels 
Results  or  expeiiments  on  sluiee 
Slnice^uging 
Tube  current -meter 
TeUi:«  tube  cuirent-metet 
Observations  on  rigoles 
Deductions  from  observations 

Beaidmore.     Old  velocity  formula    .  , 

Bennett    Translation  of  D'Aubuiaaon's  work    . 

Bidonc.     Observation*  on  suppressed  contiactioa 

Bcrileau.     Bubble  current-meter 

Boida.    Orifices  in  compound  plane*  . 

Bcyden.     Hook  level-gauge       .  ,  . 

Brilnings.     Tachometer        ,  .  . 


.     169 
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«Z  INDEX. 

BnmtoD.     nitoD  witcT-meter    . 
Baige*.      Flood  diicluige  ftnmnli     . 
Brnie.     Dual  logarilbnu 

„         Weight  of  materiil,  Spon'i  IHcL    , 
CurcdL     Module 
Cutd.    Orifica  witli  moolhpecet 

,1        Onrblls  ind  wein      . 
Char.    VelodCj  formula     .  . 

Croiler-     Trongfa  waia-mMen 
Cimnir^itn.    Deduciion*  on  TeitioUic  Tdodty 

„  Conditions  of  obsemtioa 

„  Model  or  obHTTition 

„  Snr&ce  oitacaXj 

„  Vertkalic  velocity 

„  Tmiiveiaalic  relodt;      . 

„  Mean  Telocity 

„  Remarks  on  hydraulic  fonnulx  . 

D«tocce.    Lofty  dun  of  polygonal  trace 
De  Prony.    Old  velodly  fommla 
Dettrem.     Obcemtions  on  Great  Nerka 
Dickens.     Flood  waterway 
Downing.     See  alio  formula  of  d'Aubnisson 
Dnboat.     Obstructions  to  velocity 

„  Old  velocity  fonnula 

Pupnit.     Mean  velocity  fonnula 
Ellet.     Old  velocity  fortnnla 
Eytelwein.     Old  velocity  rormola  . 

Fowler,     Fonnula  employed 
Francii.     Weit  fonnula 

„         Gauging  wein  and  canalt  . 

Frost.     Piston  water-meter         ,  . 

fialafle.     Piston  water-meter  .  , 

Ganguillel  and  Kutter.     See  Kutter. 
Girard,     Old  velocity  formula    . 
GraefT.     Contents  of  reiervi^ 
Grandi.     Box  current-meter       ,  . 

Gunter.     The  66.feet  chain 
Hart.     Retaini[^  walls  , 

„        Cartage  table  .  .  . 

Hawksley.     Ovoid  culvert  section 
Higgin  and  Higginson.    Module 
Humphreys  (and  Abbot),     See  also  Abbot. 
„  Velocities  in  very  large  river  beds    , 

,1  General  formnlK 


.  lo*  wa.  III 
.   IIS,  Ii6 

34.  351 


183 

185 


.  Ui*c  Table* 
.   249. 'SO 


99.  aS' 

a49-iiSl 

,  a49-asi 


Misc.  Tablei  ' 

.  Misc.  Tables 

.       61,  65 


Ilmnplirep.    Modeofgiufiingihe  Missioippi  . 

.     .     ISO 

Cuginfictevaaes       . 

■    159 

Mid-depth  «dadC7,  mode  of  BaogiDg       . 

.      .    163 

.    350 

Ham.     Coutants  of  Ubov  in  da/s  work 

Misc.  Tables 

jMkMD.     Referencai  to  ipecul  iutqect5. 

■       •       41 

■      43 

„          Oioid  (pegtop)  culvert  section  for  high  flushing 

■      6t,  63 

„          Spring  cuiTCDt -meter 

.     140 

„          iJwge  water-pipes  of  roinimani  safe  thidiness 

.      .    176 

.    331 

Kennedf.     Piiion  water-metd  .... 

-      ■    304 

KBttet  «id  GanguiUet.     General  reference   . 

3^.33 

„                    „            Ten  categories  of  co-efficients  . 

■      ■      39 

Velocity  formula     . 

.      40 

„                   „            The  same  in  form  med  bjr  Jackson 

44 

Latham.     Sewage  form  at  Danzig     . 

.     281 

„            Absorption  of  stoneware  pipes 

Misc.  Tablet 

Misc.  Tables 

Leslie.     Old  Telocity  formula    .... 

.     148-251 

Lespinaue  and  Pin.     Sluices 

108.  Ill 

.     108,1.1 

Lesbros  and  Poncelet.     Rectangular  orificei 

108,  110,  tiy 

Atuched  channel 

108,  no,  117 

Muilins.     On  water-cushions 

.   2n 

Moleswonh.     Lofty  dam-section 

Hilc.  Tablea 

Morin.     Hydraqlic  machines      .... 

Misc.  Tables 

108.  no 

DePerrodiL     Torsion  current-meter      . 

.      .     140 

61,66 

Pilot.    Tube  current-meter        .... 

•      ■     137 

Pin.     See  included  with  Lespinasse. 

pMoeleL     See  included  with  Lesbrot. 

Ranuden.     Decimal  chain  of  loo  feet 

9 

K^.     Hade  of  gauging            -            .            .            ■ 

.      .     176 

Conclnsions  on  tidal  riven    . 

.     182 

„        Screw  cunent-metei      .... 

.      .     136 

Richard*.      Piston  water-meter 

•     304 

DeRibera.     Module 

.        .      326 

Robinaon.     Old  velocity  formula      . 

248-251 

Siemens.     Turbine  water-meter                          ,            . 

•    -   305 

.  248 

«  IffDBX. 

Tbonuoo.    See  Baienuui. 

TyloT.     Fui  wata-metcr  . 

Sl  VenuiL     Old  vclocjljp  Ibmnibi    . 

Ventnri.     Moathpiece  of  nuiiiPttni  '♦■■'—n* 

Weubach.     Formnla.  for  bend*  ad^ited  br  bl 

WhiMlc*.    See  BddwiD. 

Woltouuin.     Hydrometric  mitl  ,  . 

Young,     old  velodtjr  fbimnla  .  • 
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INCLUDIHO   HANY  NKW   AND  STANDARD   WOBCB  IN 

EHeiNEERINB,  ARCHITECTURE,  ASRICULTURE, 
IIATHEMATICS,  HECHAHIOS,  SCIENCE,  ETC. 

CROSBY  LOCKW^OOD  &  CO., 

7,  STATIONERS-HALL  COURT,  LUEXSATE  HILL,  E.C. 


ENGINEERING,  SURVEYING,  ETC. 
Humberts  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  THEATISEon  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humbkr,  A.-M.  ImL 
C.E.,  uid  M.  iDst.  M.E.  Dliutrated  with  50  Double  PUtca, 
I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  150  Wood- 
cats,  and  containing  400  paces  of  Text.  Imp.  ^to,  (si.  61.  elegantly 
and  tubstantiallj  half-bound  in  morocca 
Lilt  iif  Centnli:— 
I.  Hiitorical  Skctdi  of  lonia  of  lh«    Hacfainoy.-XIl.  Conduits.— XIII.  Dii< 


-in.    Rai 


'.  H«lllur«Dieot  aad  EAdmadod  o 
riow  of  Wiur.— VI.  On  the  Selccti 
u  Source  of  Sapply.— VII.  We 
III.  ReKTvD^— IX.  The  Furific 
f  Watu.— X.    Fumpi.— XI.   Puspiiii 


of  W«( 

Mpipe^MdHo 


r  Supply, 
h  Specs- 


ukt  illiiilnud,  uioBE 
:— Aberdeen,  Bideford, 
^e.  HaliEai.  Lambeth, 
Rotheiham,  Dublin,  and  othen. 

, ._. ^  jr»k  upon  water  lupply  hitherto  produced  in 

Eagliih,  or  in  ajiy  other  language  ....  Mr.  Humber'a  voik  u  charAcleriied  almoeC 
throughout  by  an  eibButtivmcB  much  more  distinctive  of  Frsich  and  Oermaa  than 
of  £llftlifh  LcchuLca]  Ireadiea,"— fji^^jwr. 

HumSer's  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  md 
WROUCHT-IRON  BRIDUE  CONSTRUCTION,  imdnding 
Iron  Foundations.  In  Three  Parts — Theoretit^  Practical,  and  ' 
Descriptive.  BvWiLLiAU  HuuBER,A.-M.Inst.C.E.,>ndM.Intt. 
M.E.  Third  Edition,  with  Its  Double  Plates.  In  3  toIs.  imp.  410, 
61.  i&(,  €d.  balf-bonnd  in  morocco. 

a  like  Mi.  Honlis'l— irMcb 


"  A  book— and  wlienlarl^  a  laigt  and  costJy  tr 
bu  reached  iti  third  edition  may  certainly  t» 


3        WORKS   IN   ENGINEERING,    SURVEYING,    ETC.. 

Humberts  Modem  Engineering. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER. 
ING.  First  Series.  Comprising  Civil,  Mechiniol,  Uirin^  Hy- 
dnulic,  Rulwtty,  Bridge,  *nd  other  Engineering  Work*,  Ac.  Bv 
William  Humbbr,  A.-M.  Iiuc.  C.E.,  &c.  Imp.  410,  with 
36  Double  Plates,  dnwn  to  &  IaiEC  idle,  uiil  Portrait  of  T<^'> 
H&wksluw,  CE..  F.R.S.,  &c,an<]  descriptive  letter-prcu.  Sped- 
ficationi,  &c.     V.  y.  hklf  morocco. 

Litl^llu  Plalit  ami  Dl^rvmi. 

.  ,  f  n  z.  ^  'lUi)  -.  Bridge  orer  the  Thimn,  WeB 
mdon  Exlcnsion  IUil<ny(;  pUteO;  Ar. 

plUn) ;  Tbe  Allen  EitiH  TSuipailiaD 
idge.  Avon  (j  platct};  UDdcrvmuwl 
liLway  (]  plim). 


CILnpUtcil;  Soulhpoit  Pier  {]  pi 
Victsw  Station  and  Roof,  L,  C  &  I 
G.  W.  R.  (6  platei)  ;  Rt»f  or  Cn[ 
Muuc  Hall  ^  Bridge  aver  C.  N.  Rail 
Roof  o!  Station.  Dutch  Rheniih  B 


to  pmerve  ;n  a  pemanenl  larm  copica  of  the  pLau  and  ipeoficmioni  prcpand  for  Iha 

HUMBER's"kECORD  oF  MUDEiitT'HTOlNEERING,  Second 
Series.  Imp.  410,  with  36  Double  Flales,  Portrut  of  Robert  Ste- 
phenson, CE..,  &C.,  and  descriptive  Letterpress,  SpeciGca.tions, 
Ac.     3/.  y.  half  morocco. 

'  -'t  n/tkt  Phiii  and  Di 


WS 


luct,  MerthjT.  Tivdefir,  and  Aber^- 

CmiMll^lI^mir;  Uu^inWinurPata™ 
Rrxif  (1  platti!  ;  Bridgeaver  iheTtumet, 
L.  C  and  D.  Kailny  (6  pUtei} '.  Albert 
Hubout,  Giceaocli  U  pWei). 

"MFER'S"RECORb"6r~i«6DERN  ENGINEERING.  Thirf 
Series.  Imp.  4to,  with  40  Double  Platen,  Portrait  of  J.  R.  M'Clean, 
Esq.,  l»te  Prei.  Inst.  C.  E,  and  descriptive  Letterpress,  Specifica- 
-'  --    ■-      -'  3/.  half  morocco. 

'-■-•  -'■■-  "•-•--and DlaeraiHi. 


Birkenhead  Dodii,  Low 
t.i  platH};   Charin.  C 
C  C.  Railmy  la  3ai 
duct,  C.    N.    Rail— 

Vl«dgcI.G.  N.  R«i,.-_, 

"■■      !   Qydach  Viaduct,  Mertliyr,  Ti 


tions,  &c. 


Liil  eflht  Flail 


lUwi):  OuUkll  Sewer 


or:  ijuuaji  acwcr.  Bridge  o*er  Marsh 
__e.Sorth  Woolwich  Railway.and  Bow     1 
iBd  Baikini  Railway  Juticiion  ;  Oulfall '  ( 
iewer,  Bridge  over    Bow  and   Barkinc  ,  i 
Ulwiy  {}  dalEt);  OuiTall  S< 


'orkj'   F< 


'en^ll 


a  pl>ie> 


Valerloo  Bridgei ;  Vodt 
OveiDdw  and  Outlet  at 

et  (j  plalea) ;  Steamboat 

ptald);  dutli]!  Sewer,  fumbling  Bay  !  IiaiiofSewen,PlaiiiaiulS«ctioiu;Gulliea, 
and  Outlet;  Outfall  Sewer,  Penalocki.  Flam  and  Sccttoiu ;  RaUiog  Stock :  Gca- 
StuHi  Jiir.— Oulfall  Sewer,  Bennonduy  I  nite  and  Iron  Fotla. 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Foarth 
Series,  Imp,  410,  with  36  Double  Plates,  Portrait  of  John  Foirier, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  LetCetprcss,  SpedEca- 
ttons,  &c     3JL  3J.  half  morocco. 

'  '1I  t/llu  Flalit  and  Diatrami 


Abbey  Milli 

IkniruLCe,  Mettopolii  (4  plalea) ;  Bamw 
Docki  Ts  plalei) ;  ManquU  Viaduct,  San- 

Adam^i  Locomotiv^  St.  Helen't  Guial 
Railway  (1  plale<)  J  Cannon  Street  Station 
Koof,  Charmi  Ctoh  Railway  (3  plalei) ; 
RoaJ  BrUge  over  the  River  Kfoka  (a 
platuj^.  Tdegia^uc  Apparatui  fcr  Mav- 


imia  :    Viaduct  Drer  the  Rivo-  Wyv, 


idRaUi 


Iwaylj^iei):  SlC 
rawall  Railway  (a 
in  Cvlinder  for  Divii 


Wroughl-lron  Cylin. , 

MillwjUDockiliplaieil;  MUrojVP; 

{6  plats) ;  Harbour^  Pnrti,  and  Bnak- 
walcn  (]  plaid). 


PUBLISHED  BY  CROSBY  LOCKWOOD  ft  CO.         3 
Strains,  Formula  &  Diagrams  for  Cakulatton  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  kdA  SIMILAR  STRUCTURES,  mud  thai 
STRENGTH  jcoanstiligofFormiilKandConeipondingDiagniii^ 
with  nnmeioui  Details  for  Fiacticil  Application,  &c.  Br  WILLIAM 
Hi;mbbr,  A.-M.  Inst  C.E.,  &c  Third  Edition.  With  nearlr 
loo  Woodcut»  uid  3  Plate*,  Crown  8»o,  ^s.  bd.  doth. 
*'Tha  lyttcm  of  cmpJoyiDff  diicmoi  %x  jl  aiibujtute  for  camplec  nr'P'"*^**" 
it  one  juBlr  conung  inui^vat  (mat,  ud  in  thai  lopea  Ur.  Humbs'i  toloiu  ■ 

Strains. 

THE    STRAINS    ON    STRUCTURES   OF    IRONWORK; 

with  Practical  Remarks  on  Iron  Conitmction.   ByF.  W.  ShkiliS, 

M.In«.C.E.   Second  Edition,  with  s  Plate*.   RoralSvo,  p.  doth. 

"The  uudeol  oumat  liDd  i  betlci  book  on  Uiii  tubject  thinUr.ShEildi'.'— £i(r»''T'. 

Barlow  on  the  Strength  of  Materials,  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Role*  for  application  in  ArchitecCme,  the  ConxtmcUon  c^ 
Siupension  Bridges,  Railwaja,  &&  ;  and  an  Appcndiz  on  the 
Power  of  LocomotiTe  Engines,  and  the  efiect  of  Indined  Planet 
and  Gradient*.  Bjr  Peter  Barlow,  F.R.S.  A  New  Edition, 
remsedby  hUSons,  P.  W.  Bablow,  F.B.S.,  and  W,  H.  Barlow, 
F.R.S.  The  whole  arranged  and  edited  1^  W.  HuHBBR,  A-M. 
Inst  C.E.     8vo,  400  pp.,  with  19  lai^  Plates,  tit.  doth. 

"  The  Itudud  trekliH  upcn  diii  particular  vl\^ti:t,^^Eiigimtrr, 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.    By  T.  Tredoold,  C.E.   5th  Edition. 

To  which  are  added,  Experimental  Researches  on  the  Stieneth,  &c., 
of  Cast  Iron,  by  E.  Hodgkinsun,  F.R.5.     Svo,  121.  doUi. 

*,*  HODCKINSON'S  Researches,  separate,  price  61. 

Hydraulics, 

HYDRAULIC  TABLES,  CO- EFFICIENTS,  and  FORMUL/B 

for  (inding  the  Discharge  of  Water  from  Orifices,  Notdiei^  WeJn, 
Pipes,  and  Rivers.  With  New  Formula,  Tables,  and  Genenl 
Information  onRain-&ll,  Catchmenl- Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  John  Neville, 
Civil  Engineer,  M.R.LA.  Third  Edition,  cardiiUy  rerised,  with 
considerable  Additions.  Numerous  Illustrations.  Cr.  Sto,  l^j.doth, 

"Undoubtedly  an  ciceedioglT  uuful  and  elabaiale  campilitian.*— /mi. 

"  Alike  Suable  to  iLiidcDU  and  eivDeeri  Id  practice."— J/wiiv  yemrmiL 

Jiiver  Engineering. 

RIVER  BARS :  Notes  on  the  Causes  of  their  Formation,  and  on 
their  Treatment  by  '  Indnced  Tidal  Scour,'  with  a  Desoifrtion  o( 
the  Saccessfiil  Reduction  bythisMethodofthe  Bar  at  Dublm.  By 
I.  J.  Mann,  Assistant  Eiwineer  to  the  Dublin  Port  and  Docks 
Board.  Wilh  Illustrations.  Roy^  8\-o.  ^s.  6d.  doth. 

Hydraulics. 

HYDRAULIC  MANUAL  AND  STATISTICS.  By  Lowjs 
D'A.  Jackson,  Author  of  "  Aid  to  Survey  Practice,"  &c  Fourth 
Edition,  Revised  and  Enlarged.     Large  Crown  Svo.     [/n  titfrta. 
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LepelUng. 

A  TREATISE  on  Oe  FRINCIPLES  «nd  PRACTICE  oT 
LEVELLING ;  ihowinf  it*  ApplicMloii  to  PotpoM*  of  RaOwar 
■nd  Chril  Ecwtneehng,  m  the  Contnictiaa  of  Rosdi ;  mth  Mr. 
Tu.roiD'l  Rolci  for  the  luoc  By  Fkxdkuck  W.  Simms, 
F.G.S.,  M,  Imt  C.E.  Sixth  Edition,  very  caiefiilljr  reriied,  with 
tbe  (ddittoa  rf  Ur.   LaWs  PnctioU  Examples  for  Setting  out 


Practical  Tunnelling;. 

PRACTICAL  TUNNELLING:  Eiplaimn^ in debul the SettmE 
oat  of  the  Woriu,  Shafc-iinkiog  uid  Hodmg-Diiving  Ranging 
the  Line*  Mid  Levelling  under  Groand,  Sob-EicantiDe,  Timbenng, 
■nd  the  Constioction  of  the  BriEkirorii  of  Tunnels  with  the  amount 
of  hdMBT  Teqnired  for,  and  the  Coit  of^  the  vuioui  poitioni  of  the 
work.  Bf  F.  W.  Siu U3,  M.  Inst.  C.E.  Third  Edition,  Rcrised 
and  Enended.  By  D.  Kinnkar  Clabk,  M.I.C.E.  Imp.  8ro, 
with  31  Folding  Plates  and  numeroos  Wood  Engravings,  304-.  cloth. 
"IlhaibHsrvvdwiriani  thefincua  texl-bookaflhciutticd.  .  .  .  Hr.CUifc 
hu  lidded  imacBKly  Id  [be  tiIuc  of  tbe  book."— ffvior". 

Steatn. 

STEAM  AND  THE  STEAM  ENGINE,  SUdonaiy  and  Port- 
able. Being  an  Extension  of  Sewell's  Treatise  on  Steam.  Bv  D. 
KiNHSAR  Cljulk,  M.I.C.E.     Second  Edition.     lamo,  4^.  cloth. 

Civil  and  Hydraulic  Engineering. 

CIVIL    ENGINEERING.      By  Henry  Law,  M.   InsL  C.E. 

Including  a  Treatise  on  Hydraulic  Engineering,  by  George  R. 
BURNBLL,  M.LC.E.  Sixth  Edition,  Revised,  with  large  additions 
on  Recent  Practice  in  Civil  Engineeiing,  by  D.  Kinn£AK  Clark, 
M.  Inst.  C.E,    1 2mo,  7/.  W.,  cloth  boards. 

Gas-Lighting. 

COMMON  SENSE  FOR  GAS-USERS  :  a  Catechism  of  Gaj- 
Lighting  for  Householden,  Gastitters,  Millowneis,  Architects, 
Engineer*,  &c  By  R.  Wilson,  C.E.  znd  Edition.  Cr.  Sro,  31.  &/. 

Bridge  Constitution  in  Masonry,  Timber,  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  con^sUng  of 
46  Plate*  from  the  Contract  Drawings  or  Admcasuicraent  of  select 
Works.     By  W.  Davis  Haskoll,  C.E,     Second  Editioa,  with 


the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
with  6  pages  of  Diagtams,      Imp.  410,  3/.  lu.  ^  '  '   "" 
tk  oTllie  iMHtiil  utun  by  1  nun  d(  Mr.  Hukoll'i  I 


leniuabl*.    The  tablei  of  otimuts  oamidaably  aa 

Marthwork. 

EARTHWORK  TABLES,  showing  the  Contents  in  Cubic  Yards 
of  Embankments,  Cuttings,  &c,  of  Hoghu  or  Depths  up  to  an 
RTenge  of  80  feet  By  JosiPK  Broadbent,  C.E.,  udFRANCU 
Caupin,  CE.    Cr.  Sro,  oblonj^  5/.  doth. 
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Tramways  and  their  Working. 

TRAMWAYS  :  their  CONSTRUCTION  va&  WORKING. 
With  Special  Reference  to  the  Trammyi  of  the  United  Kingdom. 
B7  D.  KiNNEAR  Clark,  M.I.C.E.    SuppLKW&NTAKy  Volume; 


Sthe  Progress  recently  made  in  the  Design  and  Conitrac- 
■amways,  and  in  the  Means  of  Locomotion  by  Mech«nic«l 
Power.     With  Wood  Engre vines.      8vo,  lu.  cloth. 
■\ 1  iL'..    iXr...i^ 


Tramways  and  their   Working. 

TRAMWAYS:  their  CONSTRUCTION  and  WORKING. 
By  D.  KiKNEAK  Clark,  M.  Inst  C.  E.  With  Wood  En- 
gravings,  and  thirteen  folding  Plales.  Th«  CoWPLITS  WoRK,  in 
3  vols.,  Large  Crown  Svn,  301.  doth. 

10  Ihc  ■uihoT'i  mck  ' Rail«7 Miduneij.'"— 7*^ fivnnr. 

Pioneer  Engineering. 

PIONEER  ENGINEERING.  A  Treatise  on  the  EDgineeting 
Cperations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.  By  Edward  Dohson,  A.I.C.E.  With  Plates  and 
Wood  Engravings.     Revised  Edition.  l2mo,  y.  doth. 

"  A  wDrltmaniiEe  pntmiction,  and  one  wilhoul  poU£BHOD  of  whidi  nO  nua  thould 
ran  10  encounter  the  dulis  of  a  pioneec  eacinter.^— .1  Ummm. 

Steam  Engine. 

TEXT-BOOK   ON  THE    STEAM    ENGINE.      By    T.    M. 
GOOQEVE,  M.A.,  Barrister-at-Law,  Author  of  "The  Prindplet 
of   Mechanics,"   "The   Elements  of  Mechaniim,"   Ac.     Fourth 
Edition.     With  numerous  lllustntions.     Crown  8vo,  6i.  doth. 
'*  Mr-  Goodcve'i  tcvt-book  ii  a  irork  of  which  crcrr  v«iuiff  encin*«c  ikould  po^ 

Steam. 

THE  SAFE  USE  OF  STEAM  :  containing  Ruin  for  Unpro- 
fessional Steam  Users.   Byan  Engineer.  4thE:dition.  Sewed,  6dt 

"  I[  iteam-uun  would  but  lean  [bii  litlJe  book  by  boil,  bail«  upIODfau  would 
become  leiUKtiDDi  by  Ibeir  T%iAj,*''—En£tiiK  Mtchvtii. 

Mechanical  Engineering. 

MECHANICAL  ENGINEERING;  Comprising  Metalluwy, 
Kloulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Me(±a- 
nical  Manipulation,  Manuhctuie  of  the  Steam  Engine,  &c  By 
Fbancis   Camfin,   C.E.     iimo,  3/.  doth  boaidt. 

Works  of  Construction. 

MATERIALS  AND  CONSTRUCTION  :  a  Theoieticil  and 
Practical  Treatise  On  the  Strains,  Designing,  and  Erection  of 
Works  of  Construction.  By  F.  Campin.C.E.  lamo.  3;;6i/.  cLbrdt. 

Iron  Bridges,  Girders,  Roofs,  &c. 

A  TREATISE  ON  THE  APPUCATION  OF  IRON 
TO  THE  CONSTRUCTION  OF  BRIDGES,  GIRDERS, 
ROOFS,  AND  OTHER  WORKS.  By  F.  Camfim,  CE.  laroo,  y. 

Boiler  Construction. 

THE  MECHANICAL  ENGINEER'S  OFFICE  BOOK  s 
B<Mler  ConstractioD.  By  Nelson  Foley,  Caidj^  laU  Avitaat 
Manager  Pahnet's  Engue  Work*,  Tairow.  With  99  foil-page 
lithogiaphic  Diagiami,     Folio  31/.  half-bonnd. 
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Oiligut  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  ByJoHJi  H«T.  3rfEd.  Imp.  8TO,8r.cloth. 

Ob&gite  Bridges. 

A  PRACTICAL  uid  THEORETICAL  ESSAY  on  OBOQUE 
BRIDGES,  with  13  Um  Plates.  By  the  Ute  Geo,  Watsok 
BucK,H.I.C.E.  Third  ^ition,  revised  by  his  Son,  J.  H,  Watson 
BirCK,  M.I.C.E.  ;  uidwiili  theidditioD  of  Desdiptioii  to  Dia- 
enmi  for  Facilitatiiig  the  Conitrnction  of  Oblique  Bridges,  by 
W.  H.Baklow,M.I.C.E  Royal  Svo,  iu.  cloth. 
*' Tlk*  iludinl  taxi  bocdi  faiUenj ' 

Gas  and  Gasworks. 

THE    CONSTRUCTION    OF    GASWORKS    AND    THE 

MANUFACTURE  AND  DISTRIBUTION  OF  COAL-GAS. 
Oiiginally  written  by  S.  Hughes,  C.E.  Sixth  Editiotu  Re-written 
■nd  enlaced,  by  W.  Richards,  C.  E.     lamo,  51.  doth. 

Wato'vjorks  for  Cities  and  Towns. 

WATERWORKS  (or  the  SUPPLY  of  CITIES  «nd  TOWNS, 
with  m  Description  of  the  Prindpil  Qeolwical  Fonnatioot  of  Eni;- 
linduinfluenctngSappliesofWatet.  ByS.HusHBS.  4/.6^.cloth. 

Locomotive-Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.  By  MICHAEL 
Reynolds,  M.S.E.,   formerly  Locomotive  Inspector  L  B.  and 


tions  and  Portrait  of  Author.      Crown  8vo,  4J'.  6d.  cloth. 
"  Ml.  ReVDoldi  has  supplied  a  want,  imd  tiu  supplied  it  well-" — Enpiatr. 

The  Engineer,  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN, 
AND  ENGINE-BOY,  By  Michael  Reynolds.  Crown  Svo, 
41.  fid.  doth. 

Stationary  Engine  Driving. 

STATIONARY  ENGINE   DRIVING.     A  Practical  Manual  for 
Engineers  in  Charge  of  Stationary  Engines.     By  Michael  Rey- 
nolds.   With  Plates  and  Woodcuts.    Crown  8vo,  41.  6ft  doth. 
Engine- Driving  Life. 

ENGINEDRIVING  LIFE  ;  or  Stirring  Adventum  and  Ind- 
deats  in  the  Lives  of  Locomotive  Engine-Driveis.  By  Michael 
REYNOLDS.     Crown  Svo,  31.  cloth. 

Continuous  Railway  Brakes. 

CONTINUOUS  RAILWAY  BRAKES.  A  Treatise  on  the 
several  Systems  in  Use  in  the  United  Kingdom ;  thdr  Construc- 
tion and  Perfoimance.  With  copious  Illustrations  and  nmneroos 
Tables.     By  M  ichael  Reynolds.     Crown  Svo,      \Narly  Ready. 

Steam  Engine. 

ENGINEMANS  COMPANION  (The).  A  pradioa  Haod- 
book  arranged  in  a  compact  form  for  Ready  Reference.  By 
Michael  )Uy>OLDS.    Crown  Svo.  \lntktprm. 
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Construction  of  Iron  Beams,  Pillars^  &c. 

IRON  AND  HEAT  ;  exhibiting  the  Principles  concerned  in  the 
construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  J.  Armour,  C£.   3x. 

Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.    With 
a  History  of  FLre-E^^ines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire-Proof  Building  and  the  Preservation  of 
Life   from  Fire;    Statistics  of  the  Fire  Appliances  in  Vnglirfi 
Towns  ;  Foreign  Fire  Systems ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  Charles  F.  T.  Young,  C.E.    With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  l/.  4/.  doth. 
"  We  can  most  heautily  commend  this  book."— iS'w^M/^rMif  . 
"  Mr.  Young's  book  on  '  Fire  En^nes  and  Fire  Brigades '  contains  a  nuM  of 
information,  which  has  been  collected  from  a  variet>r  of  sources.    The  subject  is  so 
intensely  interesting  and  useful  that  it  demands  consideration."— J9»iZiiSM!£'  NiWi, 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Leyelling,  &c.,  with  the  most  usefid  Problems  m  Geodesy 
and  Practical  Astronomy.  By  Lisut.-Gen.  Froms,  R.E.,  lateln« 
spector-General  of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re- written.  By  Captain  Chajllss  Warrsn,  R.E.  With 
19  Plates  and  115  Woodcuts,  royal  8vo,  i6r.  doth. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  settii^r  out  Curves  from  5  to  200  Radius.  By  AULXANDEft 
Beazelry,  M.  Inst.  C.E.  S^ond  Edition.  Printed  on  48  Cards, 
and  sold  in  a  doth  box,  waistcoat-pocket  size,  3/.  6d, 
**  Each  table  is  printed  ona  small  card,  which,  being  placed  00  the  dieodoEts^ leaves 
the  hands  free  to  manipulate  the  instrument" — Engittter. 

**  Very  handv  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  which  be  puts  into   his   own  card-case,  and   leares  the  rest  behind." — 

Engineering  Fieldwork.  lAUgnaum. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Lerelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplement  on  WATERWORKS,  SEWERS, 
SEWAGE,  and  IRRIGATION.  By  W.  Davis  Haskoll,  CE. 
Numerous  folding  Plates.    In  i  Vol.,  demy  8vo,  zA  51.,  d.  boards. 

Large  Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practicad  and  Theoretical  Essay.    By  T.  H.  Watson  Buck,. 

M.  Inst.  C.E.,  Resident  Engineer,  London  and  North- Western 

Railway.  Illustrated  with  Folding  Plates.  Royal  8vo,  12s.  doth. 
"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the- 
obeervations  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construc- 
tion of  the  templates,  will  be  found  of  considerable  use.  We  commend  the  book  ta 
the  engineering  profession,  and  to  all  mdio  have  to  build  nmilar  shafts." — Building 
Ntwt. 

**  Will  be  regarded  by  dvil  en^neers  as  of  the  utmost  value,  and  calculated  to  iav» 
much  time  and  obviate  many  mistakes."— Ctf/Zbr/^  GuardiaM, 
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Surv^  Practice, 

AID  TO  SURVEY  PRACTICE:  for  Reference  in  SarvCTioK, 
Levelling  S«ting-out  and  in  Ronte  Surrey*  of  Tr»«Uet»  by  luid 
and  Sm.  With  Tible*,  lUuslrations,  1,011  Records.  By  Lowis 
D* A.  Jackson,  A.-M.I.C.E.  Author  of  "  H vdnuilic  Muuul  and 
Stetiitici,"  &c     Large  crown  Sto,  121.  (xL,  cloth. 

*  If  r.  Jadoon  h&l  pvDduced  a  vaLuihLc  vadt-mmmt  tar  the  aiu^ftf 


IK  iiBWDT  mnc>  w  nu  woHc  ■  rcninuce  Diu<n  of  theory  imd  pcKctScml  a 
which,  uded  by  ■  clear  and  iDcid  tr  '     '     ~^'  '      .*    *     1  ■   .*  _ 


adttTlaalwi 
V—BtiiUtr. 

Sanitary  Work. 


SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND 
IN  VILLAGES.  Compiisinr: — i.  Some  of  the  more  Common 
Forms  of  Nuisance  and  their  Remedies  ;  3.  Drainage ;  3.  Water 
Supply,  By  Chas.  Slago,  Assoc.  Inst  C.  E.  Crown  Svo,  y.  cloth. 
'A  Tcry  uKfui  hook,  and  may  be  BlcLy  Rconunoided.  The  author  bu  had 
in  the  workl  of  which  hx  IraU."— Ain^i^rr. 


Locomotives. 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.  Com- 
prising an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine.  By  G.  D.  Dempsey,  C.E.  With  la^  additions  treat- 
ing of  the  MoDEKN  LocouoTiVE,  by  D.  KiNNEAR  Clark,  CE., 
M.LC.E.,  Author  of  "Tramways,  their  Construction  and  Working, " 
&C.,  &c  With  numerous  lUustrations.  lamo.  31.  6d.  doth  boards. 

"  The  ftudont  onnot  £ui  to  profit  LajucLy  by  adopting  tbil  n  hil  preliminary  text- 
heik.-~Inm  mnd  CboI  Ttadt,  Rtvitv. 

"  Seam  a  model  of  what  aa  elemoitaTy  tfrhnical  book  iheuld  bo." — AzaJtmy. 

Fuels  and  their  Economy. 

FUEL,  its  Combustion  and  Economy ;  consisting  of  an  Abridg- 
ment of  "A  Treatise  on  the  Combustion  of  Coal  aiu  the  Prevention 
of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  extensive 
•dditioni  on  Recent  Practice  in  the  Combustion  and  Economy  of 
Fuel— Coal,  Coke,  Wood,  Peat,  Petroleum,  &c.  ;  Taj  D.  Kin- 
NEAR  Clark,  C.E.,  M.LC.E.  Second  Edition,  revised.  With 
numerous  Illustrations.  l2mo.  4/.  cloth  boards. 
"  Snidenti  ihould  buy  the  book  and  read  it,  ai  oh  of  the  moat  complets  and  aalia- 
factory  trcadaei  on  the  combuition  and  economy  of  fuel  to  be  bad." — KHgimttr. 

Roads  and  Streets. 

THE  CONSTRUCTION  OF  ROADS  AND  STREETS.  In 
Two  Parts.  I.  The  Ait  of  Constructing  Common  Roads.  By 
Hknbv  Law,  C.E.  Revised  and  Condensed.  II.  Recent 
Practice  in  the  Construction  of  Roadi  and  Sbxets :  including 
Pavements  of  Stone,  Wood,  and  Asphalte.  By  D.  Kinn&ax 
Clark,  C.E.,  M.I.C.E.    Second  Edit.,  revised,    iimo,  51.  cloth. 
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Sewing  Machine  (The). 

SEWING  MACHINERY;  beiDg  x  PractujJ  Minnil  of  tbe 
Sewiiig  Machine,  comprising  its  History  and  Details  of  itc  Coa> 
stiuction,  with  full  Technicu  Direcliaiu  foe  the  Adjusting  of  Sew- 
ing Machines.  By  J.  W.  Urquhakt,  Author  of  "Electro 
Plating  i  a  Practiiil  Manual ; "  "  Electric  Ught :  its  Production 
and  Um."    With  Numerous  Illustntions.     lamo,  ».  6d.  cloth, 

Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  uid  CON- 
TRACTOR'S  FIELD-BOOK.    By  W.  Davis  Haskoll,  C.E. 

Consisting  of  *  Series  of  Tables,  with  Roles,  Explanation*  (j 
Systems,  and  Use  of  Theodolitefor  Traverse  Surveyingand  Plotting 
the  Work  with  minute  accuiacy  bymeans  ofStnught  Edge  and  Set 
Squareonly;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  tbe  ordinsiy 
manner;  Setting  out  Corves  with  the  Theodolite  by  Tangential 
Angles  and  MiHtipIei  with  Right  and  Left-hand  Readings  of  the 
Insirument ;  Setting  out  Curves  without  Theodolite  on  the  Sjrtteni 
of  Tangential  Angles  by  Sets  of  Tangents  and  OSsets;  and  Earth- 
work lables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth. 
With  numerous  Woodcuts,  4tb  Edition,  enlarged.  Cr.  8vo.  Iix,  doth. 
"  Tbe  book  li  very  hand)',  ud  ihe  auihoi  migbi  hare  added  that  the  acfianle  tabla 

_#_; J ._..„_^1T 1._  : ,..,  , ijglher  pulpMM.  lb* 


...      ...... .,  .»  t»  cjctcQiiTBty  patroDived br  tbs 

— Mimdti  JaumaL 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.     By  Alex.  T.  S.  Giaham, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Centra]  Railway.    With 
numerous  Diagrams.     iSmo,  u,  fid.  cloth. 
"Ai  a  really  haady  book  for  refereace,  we  knov  of  nc     ""* '  "-  '" "  — '  -*-- 

nilnjr  enBineeri  i--*  —^ ' -"  '-  -*- 

work  will  find  a  fr 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING,  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.A., 
South Kensinjgton.  Fourth E^tion, carefully  revisea  Withupwaid* 
of  300  Plates  and  Diagrams.     lamo,  doth,  stroi^y  bound,  4/. 

"A  copy  Dfil  tbouldbg  kept  for  refcr«ace  b  er&y  diaving  omce." — En^imarrimg 
"  iDdupenmable  for  teacheia  of  en^ecriuf  drawing." — MfcAamtc^  AfagmmiKt* 

Wealis  Dictionary  of  Terms. 

A  DICTIONARY  of  TERMS  ised  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHEOLOGY,  the  FINE  ARTS,  Ac  By  John  Wkale. 
Fifth  Edition,  revised  by  Robert  Hunt,  F.R.S,,  Keeper  of  Mining 
Records,  Editor  of  "Ure's  Dictionary  of  Arts."    lamo,  6/.  cL  bds. 

"  Tlie  but  fnull  technological  dictionary  in  tlie  lanfuage." — AtxhiUct. 

"  The  abuluie  accuracy  of  a  work  of  thu  character  can  only  be  jiid|cd  of  aAar 

canplete.  '—itimmt  Jimmat 


IP         WORKS  IN  MIHIWG.  METALLURGY.  ETC, 

MINING,  METALLURGY,  ETC. 
Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM  :  comprinneaDcscripiioD  of  the  Ccnl  Fields,  and  of 
the  Principal  Seams  of  CoiJ,  with  retnnts  of  their  Produce  and  its 
Distribution,  and  Analyses  of  Special  Varieties.  Also,  an  Accoiuit 
o(  the  occurrence  of  Iron  Ores  in  Veins  or  Seams  ;  Analyses  of 
each  Variety  ;  and  a  Histoiy  of  the  Rise  and  Ptogresi  of  Pig  Iron 
Hanufacture  since  the  year  1 740,  ciliibiline  the  economies  intro- 
duced in  tbe  Blast  Furnaces  for  its  Production  and  ImproTcment. 

Bt  Ricr —  " "    ■ — '" r..=_-__n j_    ,.,-., 

Hapi  ol 
Klngdon 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS   AND 
MINING.     ByD.C.  Davies,  F.G.S.,  authorof  ■' ATieatiseoa 
Slate  and  Slate  Quairying."     With  numerous  wood  engraTings. 
Second  Edition,  revised.  Cr.  Svo.  IZi.  6^.ctotfa. 
"  Without  quotxHi,  iIk  miKI  ciIaiuliTc  ud  the  dom  pnicliollT  bkTdI  w«k  n 

ban  Ken  ;  the  amaunl  of  infonutian  giien  is  cnonnoui,  ud  it  u  fiToi  coocisdy 

mak  iatclli|>bLy.''^^rri<'i^74tivnu/. 

Slate  and  Slate  Quarryi^. 

A  TREATISE  ON   SLATE   AND   SLATE  QUARRYING, 

Scientific,  Practical,  and  Coirimerdal.    By  D.  C.  DaviES,  F.G.S., 

Mining  Engineer,  &c.     With  numerous  lUustnitioas  and  Folding 

Plates.   Second  Edition, carefullyrcviscd.  l2mo,  3i.6^.clothboatds. 

"Hr.  Davici  hAS  writtm  a  utcfut  and  practical  hand-boalc  on  an  iinportant  indtutry, 

^th  all  the  conditimu  and  delaili  of  which  he  ippean  /■DuLUr." — EK£ii,errin£. 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  =  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methoda  of 
Asiay,  and  Analvtes  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c  By  H.  Baubkham,  F.G.S.  Fifth  Edition, 
revised,  with  considerable  additioi^s.  [In  tktprtss. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managen,  Agents, 
Mining  Students,  &c  By  William  Morgans.  Volume  of  Test. 
lamo,  y.  With  an  AtUt  of  Platei,  containing  33J  lUiutntioiw. 
4to,  dr.     Together,  9/.  doth  board*. 

Mining,  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM. 
PLETE  GUIDE,  comprising  a  Treatise  on  ImproTcd  Mining 
Surveying,  with  new  Traverse  Tables ;  and  Descriptions  of  Im- 
proved Instrument!  ;  also  an  Exposition  of  the  Coirect  Principles 
of  Laying  oat  and  Valniiig  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties.  By  Wiluam  Lintesn,  Mining  and  Civil 
Engineer.  With  four  Plates  of  Diogisms,  Plans,  &c.,i3ino,4r.cloth. 
*,*  The  above,  boiud  with  Thoman's  Tablss.  (See  p«(>e  au> 
riice  ^^.  6d.  cloth. 
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Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Radimentaiy  Treatiie  on.    By 

Wakington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 

of  the  Mines  of  the  Crown.     Fifth  edition,  revised  and  corrected. 

i2mo,  with  numerous  Illustrations,  4/.  doth  boards. 

"  Everv  portion  of  the  Tolume  appears  to  have  been  prepared  with  much  care,  and 

as  an  outline  is  given  of  everv  known  coal-field  in  this  and  other  countries,  aa  wall  as 

of  the  two  principal  methods  of  worldng,  the  book  will  doubtless  interest  a  very 

large  number  of  readers." — Minmg  Journal, 

Underground  Pumping  Machinery. 

MIN£  DRAINAGE ;  being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Undergroimd  Steam  Pumping  Machinery,  with 
a  Description  of  a  large  number  of  the  best  Known  Engines,  their 
General  Utility  and  the  Special  Si)here  of  their  Action,  the  Mode 
of  their  Application,  and  their  merits  compared  with  other  forms  of 
Pumping  Machinery.  By  Stephen  Michell,  Joint- Author  of  "The 
Cornish  S3rstem  of  Mine  Drainage."  8vo,  15X.  cloth. 


NAVAL  ARCHITECTURE,  NAVIGATION,  ETC. 
Pocket  Book/or  Naval Arckitects&  Shipbuilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET  BOOK  OF  FORMULiE,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  HANDY 
BOOK  OF  REFERENCE.  By  Clement  Mackrow,  M.  Inst. 
N.  A.,  Naval  Draughtsman.  Second  Edition,  revised.  With 
numerous  Diagrams.  Fcap.,  12s.  6d.,  strongly  bound  in  leather. 
*'  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.** 
— Engi$uer. 

'*  There  is  scarcely  a  subject  on  which  a  naval  architect  or  sUpbuilder  can  requise 
to  refresh  his  memory  which  wrill  not  be  found  within  the  covers  of  Mr.  Mackrow'a 
book." — English  Mechanic. 

**  Mr.  Mackrow  has  compressed  an  extraordinary  aunount  of  infonnation  iato  this 
useful  yolume."— A  ihtrueum. 

Granthanis  Iron  Ship-Building. 

ON  IRON  SHIP.BUILDING ;  with  ^tical  Examples  and 
Details.  Fifth  Edition.  Imp.  4to,  boards,  enlaiged  from  34  to  4Q 
Plates  (21  quite  new),  including  the  latest  Examples.  Toqrather 
with  separate  Text,  also  considerably  enlarged,  i2mo,  doth  limp. 
By  John  Grantham,  M.  Inst  C.E.,  &c    2/.  2j.  complete. 

''  Mr.  Grantham's  work  is  of  great  interest.  It  will,  we  are  confident,  command  aa 
extensive  circulation  among  shipbuilders  in  generaL  By  order  of  the  Board  of  Admi- 
ralty, the  work  will  form  the  text-book  on  which  the  examination  in  iron  sh|p>building 
of  candidates  for  promotion  in  die  dockyuds  will  be  mainly  based."— ^v^MMriv- 

Pocket-Book  for  Marine  Engineers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULAE FOR  MARINE  ENGINEERS.  By  Frank  Proctor, 
A.LN.A.    Second  Edition,  revised  and  enlarged.    Royal  32mo, 

leather,  gilt  edges,  with  strap,  4/. 
"  A  most  useful  companion  to  all  marine  engineers.  "^C^ov^/Mf'S'tffvto  Gmattit, 
*'  Scarcdy  anything  required  by  a  naral  enginetr  apptait  to  bav«  bMA  for 
gotten.  "^Itoh* 
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Light'Hauses. 

EUROPEAN  UGHT-HOUSE  SYSTEMS ;  bemg  a  Report  of 
a  Tour  of  Inspection  made  in  1873.    By  Major  Gko&ge  H. 
Elliot,  Corps  of   Engineen,  U.S. A.    Ulnstrated  by  51  En- 
gravings and  31  Woodcnts  in  the  Text    8yo,  2ix.  doth. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Cauds,  RItbts, 
Towns'  Water  Supplies,  Docks  and  Harboon ;  with  Description 
and  Use  of  Surveying  Instruments.  Bt  W.  Davis  Haskoll,  C  E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  8vo,  izs.  6d.  doth. 
'*  A  most  naefiil  and  well  uimnged  book  for  die  aid  of  a  itudeitL'' — Bmiidtr. 


'*  Of  die  iitmoit  ptactical  utility*  and  may  be  tafdy  lecommended  to  all  •*~<^"t* 
who  aipite  to  beoooie  doui  and  eiqiert  sunreyon."— Afm^  ypmntmL 

Storms. 

STORMS:  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds. 
By  William  Blasius.    Crown  8vo^  los,  6d.  doth  boards. 

Rudimentary  Navigation. 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi- 

fition.  By  Tamrs  Greenwood,  B.  A.    New  and  enlarged  edition. 
y  W.  H.  kossER.     i2mo,  ys,  doth  boards. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomieal 
and  Nautical  Calculations ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.     By  Henry  Law,  C.E.    Together  with  a  Series  of 
Tables  for  Navigation    and    Nautical    Astronomy.      By  J.   R. 
Young,  formerly  Professor  of  Mathematics  in  Belfast  College. 
New  Edition.     i2mo,  4J.  doth  boards. 

Navigation  {Practical)^  with  Tables. 

PRACTICAL  NAVIGATION  :  consisting  of  the  Sailor's  Sea- 
Book,  by  James  Greenwood  and  W.  H.  Rosser  ;  together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
ing of  the  Problems.  By  Henry  Law,  C.E.,  and  Professor 
J.  R.  Young.  Illustrated  with  numerous  Wood  Engravings  and 
Coloured  Plates.     i2mo,  ^s.  strongly  half  bound  in  leather. 


WEALFS   RUDIMENTARY   SERIES. 

Tkefolhwing  books  in  Naval  ArcAi/ectttre,  etc,  are ptib/isMaim  the 

above  series, 

MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.    By 

Robert  Kipping,  N.  A.  Fourteenth  Edition.  i2mo,  zs,  6d,  doth. 
SAILS    AND    SAIL-MAKING.     Eleventh  Edition,  enlarged.    By 

Robert  Kipping,  N.A.     Illustrated.    i2mo,  3/.  doth*  boards. 
NAVAL  ARCHITECTURE.    By  James  Peake.     Fourth  Edition, 

with  Plates  and  Diagrams.     i2mo,  4J.  doth  boards. 
MARINE  ENGINES,    AND  STEAM    VESSELS.    By  Robert 

Murray,  C.E.     Seventh  Edition.     lamo,  3/.  6d,  doth  boards. 
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ARCHITECTURE,   BUILDING,  ETC. 


Construction.  — • — 

THE  SCIENCE  of  BUILDING :  An  Elementazy  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.» 
Architect.  With  58  Wood  Engravings.  Second  Edition,  revised  and 
enlarged.  Including  an  entirely  new  chapter  on  the  Nature  of 
Lightning,  and  the  Means  of  Protecting  Buildings  from  its  Violence. 
Crown  8vo,  7/.  6d,  doth. 
**  A  Yoy  valuable  book,  which  we  itrongly  recommend  to  all  ttadenta."— J9Mi!Um 
**  No  architectural  student  should  be  without  this  hand-book."— i^fcAA^f. 

Civil  and  Ecclesiastical  Building. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL 
Including  Church  Restoration.    By  Sir  Edmund  Bbckett, 
Bart.,    LL.D.,    Q.C.,    F.R.A.S.      Author    of    "Clocks    and 
Watdies  and  Bells,*'  &&     i2mo,  $s,  cloth  boards. 
*'  A  book  which  is  always  amusing  and  nearly  always  instrucdve.    We  are  able 
veiT  cordially  to  recommend  all  persons  to  read  it  for  themselves.  "^Timts. 

*' We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 
in  the  buildins;  zxt.^—BuiUUr, 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE ;  bdnfi:  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  ¥rith 
Detailed  Spc^cations  and  Estimates.  By  C.  Wickes,  Architect, 
Author  of  *'  TheSpiresand  Towersof  Uie  Mediaeval Churdies of  Eng- 
land,'' &&  31  Plates,  4to,  half  morocco,  gilt  edges,  i/.  is, 
*«*  Also  an  Enlarged  edition  of  the  above.  61  Plates,  with  Detailed 
Specifications,  Estimates,  &c.     2/.  2j.  half  morocco. 

Useful  Text'Book  for  Architects. 

THE  ARCHITECT'S  GUIDE :  Being  a  Text-book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contxacton, 
Clerks  of  Works,  &c.    Bjr  F.  Rogers.    Cr.  5vo,  6f.  doth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  ftc., 
would  be  hard  to  find  a  handier  or  more  complete  little  voiume."-^/aiM(!9n^ 

The  Young  Architects  Book. 

HINTS  TO  YOUNG  ARCHITECTS.    By  G.  WiOHTWiCK. 
New  Edition.     By  G.  H.  Guillaumb.     i2mo,  doth,  4/. 
"Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  conodend  as 
necessary  a  purchase  as  a  box  of  instruments.'*— i4rrA«/«^. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVK 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  Gbo&ge  Pynb.    With  14  Plates,  4to,  lu  M  boards. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS  ;  their  Draught-power 
and  Stability,  with  a  chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E.    Crown  8vo,  5^.  &/.  cloth« 
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Taylor  and  Cresy's  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Tavlok,  Esq^  F.S.A.,  kdA  Edwasd  Ckesy,  Esq. 
New  EditiOD,  Edited  by  the  Rer.  Alixahdbr  Taylob,  H.  A.  (son 
of  thelsteG.  L.  Taylor,  Esq.)  This  U  the  only  book  iriiich  gins 
on  a  laije  tcsle,  >nd  with  the  predsioD  of  krchitectonl  measure. 
ment,  the  prindpal  Monuments  of  Ancient  Rome  in  plan,  elevation, 
and  detail  Lai|^  folio,  with  130  Pbtet,  half-boimd,  jf.  31. 
*a*  Originally  published  in  two  Toltune^  folio,  at  18^  lit. 

Vitruviu^  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Tnmslaled  by  JosBPH  GwiLT,  F.S,*.,  F.R.A.S. 
Mnmcrons  Plates,     lamo,  doCh  limp,  5/. 

Ancient  Arckitxture. 

RUDIMENTARY    ARCHITECTURE    (ANCIENT);    coa- 
prismg  VITRUVIUS,  translated    by   Joseph   Gwilt,    F.S.A,, 
&c,  with  33  fine  plates  ;  and  GRECIAN  ARCHITECTURE. 
By  theEAHLof  Aberdben  ;  lamo,  61.,  hajf-bonnd. 
•»•  TTu  only  tditum  of  VITRUVIUS  procumilt  at  a  wudtraU  frict. 

Modern  Architecture. 

RUDIMENTARY     ARCHITECTURE     (MODERN);    com- 


prisinB  THE  ORDERS  OF  ARCHITECTURE, 

LEMM,Esq.  ;TheSTYLESofARCHITECTUREi_     

COUNTRIES.     By  T,  Talbot  Buey  ;  and  The  PRINCIPLES 


Ctvil  Architecture. 

A  TREATISE  on  THE  DECORATIVE  PART  of  CIVIL 
ARCHITECTURK  By  Sir  William  Chaubek£.  F.R.S. 
With  Illustrations,  Notes,  and  an  Eiaminalion  of  Grecian  Archi- 
tecture. By  Joseph  GwiLT,  F.S.A.  Revised  and  edited  by  W. 
H,  Leeds.     66  Plates,  4to,  lis.  doth. 

House  Painting. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND 
SIGN  WRITING  :  a  Practical  Manual  at  With  9  Colonied 
Plate*  of  Woods  and  Maibles,  and  nearly  150  Wood  EneraTings. 
By  Ellis  A.  Davidson.  Third  Edition,  Revued.  I3mo,&.  doth. 


PLUMBING ;  aText-booL  to  the  Practice  of  the  Ait  or  Craft  of  the 
Plumber.  With  dutpters  npon  Honse-drainafe,  embodying  the 
latest  Improvements.  By  W,  P.  Buckan,  Sanitaiy  Engmcer. 
Third  Edition,  enlaced,  with  300  illustration*,  lamo.     41-.  doth. 

yoints  used  in  Building,  Engineering,  &c. 

THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
construction  of  variou*  kinds  of  Engineering  and  Architectural 
works,  with  espedal  reference  to  those  wrought  by  artificers  in 
erecting  and  linishing  Habitable  Stmctuiet.  By  W.  J.  CuKisrr, 
Architect  With  160  Illnstrations.  i2mo,  3i.  6d.  doth  boards. 
\JuitfMuktd. 
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Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Buildor,  in  drawing 
np  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  By  Professor  Thomas  L.  Donald- 
son, M.LB.A.  New  Edition,  in  One  large  volume,  8vo,  with 
upwards  of  1000  pages  of  text,  and  33  Plates,  cloth,  i/.  lu.  itd. 
*'  In  this  work  forty-foiur  specifications  of  exocuted  works  are  given.  .  .  .  Donald* 
son's  Handbook  of  Specifications  must  be  bought  by  aU  architects.** — Builder, 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE : 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modem  Buildings.  By 
Fredbrick  Rogers,  Architect    8vo,  15/.  doth. 

%*  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  th 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  authcn*,  on  the  basis 
of  that  work,  has  produced  the  ^^aas^— Extract  from  Preface, 

Designings  Measuring^  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURING and  VALUING  ARTIFICERS'  WORKS ;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re* 
spective  Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhai^er,  &c.  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure* 
ments.    By  K  Wyndham  Tarn,  M.A.,  8vo,  lor.  td.  doth. 

"  Well  fulfils  the  promise  kA  its  title-page.    Mr.  Tarn's  additions  and  revisioiis  have 
much  increased  the  luefulness  of  the  work."— ^«VMMrrMC> 

Beaton's  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  appUed  to  Caipentersf 
and  Joiners'  work.  By  A.  C.  Beaton.  Second  Edition* 
Waistcoat-pocket  size.     is.  6d. 

Beaton* sBuilders' and  Surveyors'  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Techniad  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  &c.     By  A.  C.  Braton.     u.  6d. 

The  House-Owner^ s  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Repair?  A  Price-Book  adapted  to  tba 
Use  of  Unprofessional  People  as  well  as  for  the  Architectural 
Surveyor  and  Builder.  By  the  late  Jambs  D.  Simon,  A.R.I.B.  A. 
Edited  b^  Francis  T.  W.  Millsr,  A.R.I.B.A.,  Surveyor. 
Third  Edition,  Revised.  Crown  8vo,  y,  6</.,  doth. 
"  In  two  years  it  will  repay  its  cost  a  hundred  times  over.*'— /^»r//. 
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Cement. 

PORTLAND  CEMENT  FOR  USERS.  Bjr  HutRT  Faija. 
A.M.  Init.  CE.,  vith  ninMntiani.    Crown  Sto.  y.  6d.  dodt 

Butidet^s  and  Contractor's  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  oontuniiw  the  lateit  prices  of  ill  kind*  oC  BoUden' 
Matoul*  and  Libour,  andof  all  Trades  connected  with  BnilduK 
ftc     ReriiedbjF.T.W.MlLlJU,  A.R.LB.A.     Half-boond,  v 


CARPENTRY.   TIMBER,   ETC. 
Tredgol^s  Carpentry,  new  and  cheaper  EdiHon. 

T&  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  i 
a  Trcatiae  on  the  Pressure  and  E^jnilibriiun of  lunber  Framing,  the 
ReriMance  of  Timber,  and  (he  OKutmction  of  Floort,  Arche^ 
Bribes,  R00&,  Uniting  Ircmand  Stone  with  Timber,&c.  Towhidi 
il  added  an  Euay  on  the  Nature  and  Fmpeities  of  Timber,  &c., 
with  Descriptioni  of  the  Kinds  of  Wood  nsed  in  Building ;  alin 
u  Tables  of  the  Scantling!  of  Timber  for  diBerenlpnipoaei, 


Fifth  Edition,  c 
reeled  and  enlarged.     With  64  Plates,  Portrait  of  the  Author,  a: 
Woodcntt.    410,  pnUithed  at  3l.  ai.,  reduced  to  i/.  5/.  doth. 
"  Oo^tt  to  bs  IB  CTCf7  ftrdutectfi  ta&  erciy  bailder'i  libruy,  ud  tfaoaa  v 

"A  mrfc  nrhcH  nufudbciitkl  tiKcdlenca  uuii  codudcdi]  il  whenro-  tkilfid  c 
,    IbsddibiNalpUlaancfpaliiiiiiiulcnlDe.''— £i>^i!i!«f  Aih; 


Grtmd/s  Timier  Tables, 


THE  TIMBER  IMPORTER'S.   TIMBER  MERCHANTS, 

&  BUILDER'S  STANDARD  GUIDE.     By  R.  E.  Gundt. 

3Dd  Edition.    Carefnllr  revised  and  conected.    lanio,  31.  fioLdoth. 

"Xncytbfaic  It  pRtcBdiU  ba:  built  im  fnduUr,  tt  taadi  om  liwa  ■  fanana 

litaail.  mil  liiinpi  in.  ■■■  imlii  m  ill  In,  iinat  ofnukerUlooQcaiuDcbrir^nliiBa^ 

ciitwi^  ftc.— all  thu  A*  dm  to  wBom  i[  appall  it^aaia.'—Eii^uk  Mickamic 

Timder  Freight  Book. 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Bring  a  Compiehensire  Series  of  Tablet  for 
the  Use  of  Timber  Importen,  Captains  of  Ships,  Shipbroken, 
Builders,  and  Others.     By  W.  Rickasdsoh.     Crown  Sro^  6s. 

Todies  for  Packittg-Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Sopeificla] 
Feet  in  Boxes  or  Packing -Cases,   ftaca  six  inches  square   Mtd 
npwards.    B7  W.  Rickabdsoh.     Oblong  410,  jj.  6J.  doth, 
"lanltttbla  lain  mi  ■■iii|  uhlaa  "    ffwaiiyTr 

Carriage  Building,  &c. 

COACH  BUILDING:  A  Pnctical  Ti«ati(e,  Historical  tad, 
Descriptire,  contaanine  fiill  inforoiation  of  the  various  Trades  and 
Processes  inrolved,  wiui  Hints  on  the  proper  kccpii^  of  Carriage^ 
Ac.    57  lUnstiBtioni.    By  JAHSS  W.  BvRCBSS.    lamo,  y.  dMh. 
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Hortofis  Measurer. 

THE  COMPLETE  MEASURER ;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c. ;  Unequal-sided,  Square-sided,  Oc- 
tagonal-sided, Round  Timber  and  Stone,  and  Standing  Timber. 
With  just  idlowances  for  the  bark  in  the  respective  species  of 
trees,  and  proper  deductions  for  the  waste  in  hewing  the  trees, 
&C. ;  also  a  Table  showing  the  solidity  of  hewn  or  eight-sided 
timber,  or  of  any  octagonal-sided  colunm.  By  Richard  Horton. 
Fourth  Edition,  with  considerable  and  valuable  additions,  i2mo, 
strongly  bound  in  leather,  5/. 

Hortofis  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD AND  WOODLAND  ;  also  Lineal,  Superficial,  Cubical, 
and  Decimal  Tables,  &c.    By  R.  Horton.     i2mo,  zs.  leather. 

Nicholson* s  Carpenter^ s  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS :  comprismg  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Petsr  Nicholson's  stands^  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  oq 
Dzawing,  by  George  Pynb.    With  74  Plates,  4to,  i/.  is.  doth* 

Dowsing' s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION  ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  firom 
One  to  a  Thousand  Pieces,  also  the  relative  Price  that  each  sise 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersbur^h  Standard 
Hundred,  &a,  &c  Also  a  variety  of  other  valuable  mformation. 
By  William  Dowsing,  Timber  Merchant  Third  Edition,  Re- 
vised. Crown  8vo,  y,  cloth. 
"ETcrything  is  as  concise  and  dear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ottght  to  possess  it.** — HtiU  AdvniUtr. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c, 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Timoer  Trade,  Essay  on  the  Strengtn  of  Timber,  Remarks  on  the 
Growth  of  Timber,  &c.  By  W.  Richardson.  Fcap.  8vo^  51.  6^.  cL 

Woodworking  Machinery. 

WOODWORKING  MACHINERY ;   its  Rise,   Progress,   and 

Construction.     With  Hints  on  the  Management  of  Saw  Mills  and 

the  Economical  Conversion  of  Timber.     Illustrated  with  Examples 

ef  Recent  Designs  by  leading  English,  French,  and  Amencan 

Engineers.    By  M.  Powis  Balb,  M.LM.E.    Large  crown  8vo» 

I2J.  6d,  cloth. 
'*  Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  io  mudi 
information  that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  die  con- 
versien  of  timber."— ^rrA</«c/. 


"The_inost  comprehensive  compendium  of  wood-working  Tnachincry  we  have 
hor  u  a  thorough  master  of  his  subject.**— ^»ii»M 


seen.    The  author  u  a  thorough  master  of  his  subject.**— ^wt&iMyr  Ntwi, 
"  It  should  be  in  the  office  of  every  wood-working  fisctory."— £«vfiM  Msehtmk. 
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_      .  MECHANICS,  ETC. 

Turmng.  — • — 

LATHE- WORK:  a  Pnctiol  TroUise  on  the  Todt.   Applmnco. 

and  FrocoKs  employed  in  tlie  Alt  of  Tniniiv.   Bjr  Paul  N.  Has- 

1.UCK.     With  Illiutnuioiu  drawn  b;  the  AnUior.     Crowo  8n>,  Jr. 

"  EndmUy  vrirum  from  penoiu]  cxpencDCE,  and  girci  ■  lufc  — *^iiU  of  jutt 

(hit  HR  irf  inTanudoa  iriuch  be^imcii  u  the  Utbc  m]iuR.'-~£HiUrr. 

Meckamds  Workshop  Companion. 

THE   OPERATIVE    MECHANICS    WORKSHOP    COM- 

PANION,  and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 

TICAL  ASSISTANT.    B7  W.  TuPLrroit.     ijih  Edit.,  with 

Hechuiical  Tibia  for  OpemtiTe  Smith*,  hIillwTighti,  Ei^iaecn, 

ftc ;  andu  Eitennve  Table  of  Poirenand  Roots,  I3IDO,  y.  bound. 

"  AdBinlilY  adtt**^  U  llx  <nDa  oT  ■  rsrj  lu^  cka.    Il  hu  met  with  pckt 

■wmi  m  the  cngmeeTuic  worluhop,  u  tc  cui  tcaliff ;  And  then  uv  ■  cnat  taanj 

—  ■  ho.  in  «  gml  mcunrt.  ow«  tbtif  tin  ip  lift  to  Ihii  tittle  wnrti.  '—Bmliimt  Niaa. 

Engineer's  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHTS,  »nd  MACHINIST'S 
PRACTICAL  ASSISTANT ;  compiising  a  Collectioii  of  Usefia 
-"      '-■        <.Tu- -" " 


Tablet,  Rnlei,  and  Data.     By  Wm.  Tehpuitom.    iSmo,  u.  U. 

Waistcoat- Pocket  Book  for  Mechanics,  &c. 

TABLES,  MEMORANDA,  and  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS, 
BUILDERS,  SURVEYORS,  Sc  Selected  and  Arraiged  by 
Fbancis  Smith.     Waislcoal-pocket  size.  [Vn  tht press. 

Boiler  Making. 

THE  BOILERMAKER'S  READY  RECKONER.  With 
Examples  of  Praclicut  Geometry  and  Templating,  for  the  use  of 
Plalers,  Smiths,  and  Riveters.  By  John  CouRrKav,  Edited  by 
D.  KiNHBAR  Clark,  M.  Init.  C.E.     lamo,  9^.  half-bound. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO   SUPERFICIAL  MEA. 

SUREMENT.  Tables  calculated  from  I  to  200  inchei  io  teogtb, 
by  I  to  108  inches  in  breadth.    By  J,  Hawkikos.  Ycf.y.bd.  cL 

The  High-Pressure  Steam  Ermine. 

THE  HIGH.PRESSURE  STEAM  ENGINE.  By  Dr.  Ernst 
ALBAN.  Translated  from  the  Genuan,  with  Notes,  by  Dr.  POI.1, 
F.R.S.     Plates,  8vo,  16/.  bd.  tJoth. 

Sleaan  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  Ihdr  Strength,  Con- 
sttuction,  and  Economical  Working.  By  R.  Wilson,  C.E. 
Fifth  Edition,     ■2mo,  61.  doth. 

"  The  )x>t  wdHi  D    '    "      -'■•' 

"llKbeuIreuiH 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  By  DloNYSius 
Lardnsr,  D.C.L.  New  Edition,  Edited  and  coDuderably  En- 
largied,  by  Binjamim  Lobwy,  F.R.A.S.,  &c,  post  8to,  ti.  cloth. 
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MATHEMATICS,  TABLES,  Efc! 
Metrical  Units  and  Systems,  &c. 

MODERN   METROLOGY :  A  Manual  of  the  Metrical  Units 

■nd  Sjrstems  of  the  present  Centuiy.  With  an  Appendix  cod- 
taining  ■  proposed  English  System.  By  Ixiwis  D'A.  Jacksos, 
A.-M.  Inst.  C.E,,  Author  (,(  "Aid  to  Surrey  Practice,"  &c. 
Large  Crown  Svo,  I2t.  dd.  doth.  [/ki/  tuhlislud. 

Gregory's  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  bring  a  Conunon- 

e'ace  Book  of  Pnie  and  Mixed  Mathematics.  Designed  chie^ 
[  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Fart  I. 
PciKE  Mathematics— comprising  Anthmetic,  Algebra,  Geometry, 
Mensuration,  Trigonomeiry,  Conic  Sections,  Properties  of  Curvet. 
Part  II,  MiXBD  Mathematics — comprising  Mechanics  in  genersl. 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pnetunatfcs, 
Mechanical  Agents,  Strength  of  Maierials,&c  By  Olinthvs GsK- 
OORY,  LL.D.,  F.R.A.S.  Enlarged  by  H,  Law,  CE.  4th  Edition, 
revised  by  Prof.  J.  R.  YoUNO.   With  13  Plates.  Svo,  \L  U.  doth. 

Mathematics  as  applied  to  t/te  Constructive  Arts. 

A  TREATISE  ON  MATHEMATICS  AS  APPLIED  TO 
THE  CONSTRUCTIVE  ARTS.  Illustrating  the  various  pro- 
cesses of  Mathematical  Investigation  by  means  of  Arithmetical  and 
smple  A^braical  Equations  and  Practical  Examples,  ic  By 
Frascis  Campin,  C.L     lamo,  31.  &/.  doth  boards. 

ijuit  publiihtd. 

Geometry /or  the  ArcMtect,  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  And 
Mechanic.  By  E.  W.  Tarn.M.A.  With  Appendice*  on  Diagrams 
of  Strains  aod  Isometrical  projection.     Demy  Svo,  91.  doth. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  In  which  the  Bridih 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent  By  C.  H. 
DOWLING,  C.E.    2nd  Edit,  revised  and  enlarged.  Svo,  lOr.  6tf.  cL 

Inwood's  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 

Copyhold,  or  Leasehold ;  Annuities,  Advowsons,  &c.,  and  for  the 
Renewing  of  Leases ;  also  for  Valuing  Reversionary  Estates,  De> 
ferred  Annuities,  &c.  By  Willjau  Inwood.  aist  edition,  with 
Table*  of  L^faiithnu  for  the  more  IXf&cult  Computations  of  the 
Interest  of  Money,  &c  By  M.  FtiDOK  TuouAN.  lamo.  81.  doth. 
'*  ThoH  Inlcratcd  in  tfu  pufchua  ud  uJn  at  —**'**.  aad  fai  tlie  adjutmnl  ot 
■    -  ■■ '---  '-    -Mitie.,  life  imunmcoi.  &e.,  wai 


Weights,  Measures,  Moneys,  &c. 

MEASURES,  WEIGHTS,  and  MONEYS  of  aU  NATIONS, 
•nd  an  Aniiytit  of  the  Christian,  Hebrew,  and  Mahametan 
Calendars.  Entiiely  New  Editioti,  Revised  and  Enlaimd.  By 
W.  S.  B.  WooLHOUSE,  F.R.A.S.    ismo.  zt.  6d.  doth  boards. 
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Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES; 
with  Table*  of  LoguithiM  for  dw  more  Difficult  Computationi  trf 
Interert,  Diicoimt,  Auanltie*,  &c,  in  lU  tbcir  Applicadou  and 
Uks  for  MercuitiJe  mnd  State  FnipaieL  B7  FUMR  TaoHAM, 
of  the  Social  Credit  Molulicr,  P«rii.    3rd  Edit,  lamo,  41;  6i/.  d. 

Iron  and  Metal  Traded  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION: 
Being  »  Calculator  coDtaimog  a  Seriei  of  Tables  upon  a  oew  and 
uchcnmvc  plan  for  expeditioiuW  mceitaining  the  value  of  any 
1  boturht  or  told  bv  weight,  bom  i».  per  cwt  to  ii2r.  per 
cwt,  and  from  one  fkcthuig  per  lb.  to  i^.  per  lb.  Eacb  Table  ex- 
tendifromonelb.  toiootoDs.  BtT.Downis.  396 pp., 91.,  leather, 
~  Vral  nipdlr  ft  not,  for  nnthiuc  like  it  itim  t^ttai-'—BuiUmt  JVm. 

Iron  and  Steel. 

IRON  AND  STEEL:  a  Work  for  the  Forge,  Foundrr. 
Factory,  and  Office.  Containing  Information  for  Ironmasten  and 
thnr  Slocktakert :  Manager)  of  Bar,  Rail,  Plate,  and  Sheet  Rollii^ 
Mills ;  Icon  and  Melal  Foundeis ;  Iron  Ship  and  Bridge  Builders  ; 
Mechanical,  Mining,  and  Consultii^  Engineers ;  Architects,  Boildeia, 
&c.  ByCHAKLES  HOARK,  Author  of 'The  Slide  Rtde,'&c.  Eighth 
Edition.  Oblong  Jimo,  61.,  leather. 
"  Foe  comprelieiiiivcocH  the  book  hu  not  id  cquiL "—/»«. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR ,  bein^  a  Series  of  Table* 
npon  a  New  and  Comprehensive  Flan,  exhibiting  at  one  Reference 
the  exact  Value  of  bjij  Weight  &om  1  lb.  to  15  tons,  at  300  Pro- 
greuve  Rates,  from  I  Penoyto  168  Shillings  per  cwt.,  and  con- 
taining 186,000  Direct  Answers,  which,  with  their  Combinatioiis, 
consisting  of  a  single  addition  (mostly  to  be  performed  at  sight), 
will  afford  an  aggregate  of  10,266,000  Answers  ;  the  whole  being 
Mlculated  and  designed  to  ensure  Correctness  and  promote 
Despatch.  By  Henkv  Harbeh,  Accountant,  Sheffield.  New 
Edition.     Royal  Svo,  l/.  51.,  strongly  half-bound. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE  :  comprising  several  Series  of  Table* 
for  the  use  of  Merchants,  Manubcturers,  Ironmongeis,  and  others, 
by  which  maybe  ascertained  the  exact  proRt  arising  from  any  mode 
(^  using  Discountsj  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  meUiod  of  either  Altering  a  Rate  (^  Discount,  or  Advancing  a 
Price,  10  as  to  produce,  by  one  operation,  a  sum  that  will  realise 
any  requiredpront  after  allowing  one  or  more  Discounts :  to  which 
are  added  Tables  of  Profit  or  Advance  bota  l\  to  90  per  cent.. 
Tables  of  Discount  from  l^  to  98I  percent.,  and  Tables  of  Commis* 
lion,  &C. ,  from  \  to  10  per  cent,  Bv  Hbnby  Harbbn,  Acconntant. 
New  Edition.  Demy  Svo,  il.  Jj.,  half-bonnd. 
Mailiematical  Instruments. 

MATHEMATICAL    INSTRUMENTS:     Their   ConstractiM, 
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Gold  and  Gold-Working. 

THE  GOLDSMITH'S  HANDBOOK:  contuning fuU  instnic- 
tiODS  (or  the  AlloyiDg  md  Working  of  Gold.  Including  the  Alt  of 
Alloying,  Melting,  Reducing,  Colouring,  CoUecting  and  Refiniiig. 
The  proceisex  of  Muipulation,  Rccoverf  of  Waite,  Chemi<^  uid 
Phjsieai  Properties  of  Gold,  with  a  new  System  of  Mixing  iU 
Alloys  ;  Solders,  Enamels,  and  other  useM  Rules  and  Recipe*,  &c. 
Bj  George  E.  Gee,  Goldsmith  and  SilTcrsmith.  Second  Ediiion, 
considerably  enlarged.  i2rao,  31.  W.  cloth  txMuds, 
>'  The  belt  wock  yei  prinied  an  id  lulnect  for  1  RuooabW  price."  —Jrmtliir. 
"  Eaeptully  a  piacEJcal  maniul,  veU  mcUpied  to  xha  wtnxt  at  ftnuieun  iwd 

■ppmlicea,  cnntuDiDE  tmtiiirorthv  uifonauuMi  ihat  ooly  a  pnctical  mui  cu 

aupplf." — UnttitA  MakanK, 

Silver  and  Silver  Working. 

THE   SILVERSMITH'S    HANDBOOK,   containing  fuU   In- 


Preparation   of   Imitation  Alloys,    &c      Bj  George   E.    Gee, 

Jeweller,  &c.     izmo,  ^.  bd.  cloth  bcaids. 

**  Inc  chief  meril  of  the  work  11  lU  vr*aaaL  charmcier.    The  workers  m  the  trade 

*i]J  ipeBclUy  diicover  iu  meria  when  they  lit  down  to  mdy  il.' — Bivliih  UakaHu. 

"Tta  woik  foinua  nJiuble  lequet  to  the  author'i  PmcHcai  CMwtrirr,  wad 

wpplio  >  want  Jong  felt  in  the  iilver  trade.  "-^u'tvriMirl'f  Tnut  Jtumal. 

Hall- Marking  of  Jewellery. 

THE  HALL-MARKING  OF  JEWELLERY  PRACTICALLY 
CONSIDERED,  comonsiog  an  .-iccount  of  all  the  different  Assay 
Towns  of  the  United  Kingdom ;  with  the  Stamps  at  present 
employed  ;  also  the  J-aws  relating  lo  the  Standanls  and  Hall- 
Marks  at  the  various  Assay  Offices  ;  and  a  variety  of  Useliil 
Suggestions  concerning  the  Mixing  of  Standard  Alloys,  and  other 
matters.     By  Geurgb  E.  Gee.    Crown  Sva.  [Nearly  rtadj. 

Electroplating,  &c. 

ELECTROPLATING:    A   Practical  Handbook.      By  J.    W. 
Urquhart,  C.E.     Crown  8vo,  5j,  doth. 
"A  large  amount  of  thoroughly  prmclickl  Lnfonaatioa." — Ttbgtnfhic  ^tumtU 
"  An  eicsUeat  praciicil  manml.  — iirWwrnVi/-. 
"  I1ie  jnfaruaLion  given  appcui  to  be  Dased  oa  direct  peruaaj  knowledge     .  . 

I ; j^  „j  ^  ^^  [j  mlwa—  -' '      "■ 

--  --'-Uigoni  peraon  nu-,  -^ — ,  „ 
indeed,  and  thii  ii  the  book  ID 

Electrotyping,  &c. 

ELECTROTVPING  :  A  Practical  Manual  on  the  Reproduction 
and  Multiplication  of  Printing  Surfaces  and  Works  of  Art  by  the 
Electro-deposition  of  Metals.  By  J,  W,  Uhquhart,  C.E. 
Crown  8va,  51.  cloth. 

'^Tlhebook  throughout  ij  entirely  practjca),  and  u  tucidand  clear  in  style.    It  b  a 
nOiihle  inaV."—Paftr  md  Prinlne  Tradii  Jcnnal, 
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Dentistry. 

MECHANICAL  DENTISTRY.  A  Prtctical  Treatise  on  the 
Construction  of  the  yftrioas  kinds  of  Artificial  Dentures.  Com- 
prisiDg  also  Useful  Formube,  Tables,  and  Receipts  for  Gold 
Plate,  Clasps,  Solders,  etc,  etc  By  Charles  Huntkr.  Seoood 
Edition,  Revised  ;  including  a  new  chapter  on  the  use  of  Celluloid. 
With  numerous  Wood  Engravings.    Crown  8vo,  71. 6^  doth. 

\3Hst  pubHsked. 
"  The  work  u  very  pncticaL"— if(Mi/A/r  Ranew  o/Dtntal  Surgtry. 

"An  amhoritatiTe  treatise We  can  strongly  recommaid  Mr.  Hunter's 

treatise  to  all  students  preparing:  for  the  profestion  ot  dentistry,  as  wdl  as  to  every 

mechanical  ^ea!dMX.**~-'DuiliHy»urnai^  MttUcalScunct,  [undCircuimr: 

**  The  best  book  on  the  subject  with  iHiich  we  are  arqiiainted  "—Medicml  Pro* 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  indudhig  Galvanism,  liag- 
netism,  Diamagnetism,  Electro-Dynamics,  Magneto-Electric^,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  ¥.ZJ&. 
Fourth  Edition,  with  joo  Woodcuts.  8vo,  i/.  4/.  doth. 
"The  accounts  ^ven  of  electricity  and  galranism  are  not  only  complete  tn  a  •''^^•tifir 
cnse^  but,  which  u  a  rarer  thing,  are  popular  and  interesting.— i^Mcr^ 

Text-Book  of  Electricity. 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  care- 
fully Revised.  With  an  Introduction  and  Additional  Chapters 
by  W.  H.  Preece,  M.I.C.E.,  Vice-President  of  the  Sodetr  of 
Telegraph  Engineers,  &c  With  470  Illustrations.  Crown  ovo, 
I2J.  dd.  cloth. 
"A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students.**— 
W.  H.  Preece,  Esq.,  vide  "Introduction." 

"  We  can  recommend  Dr.  Noad's  book  for  clear  s^Ie,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.    Such  collections  as  the  present  are  indis> 
pcniable.** — Atkemeum. 
**  An  admirable  text-book  for  every  student— beginner  or  advanced — of  electricity.** 

'Recommended  to  students  as  one  of  the  best  text-books  on  the  subject  that  they 
can  have.  Mr.  Preece  appears  to  have  introduced  all  the  newest  inventions  in  the  shape 
of  telegraphic,  telephomc,  and  electric-lighting  apparatus.** — English  Meckatuc, 

"The  work  contains  everything  that  &e  student  can  require.  — Academy. 

"  One  of  the  best  and  most  useful  compendiums  of  any  branch  of  science  in  oar 
literature." — Iron. 

"Under  the  editorial  hand  of  Mr.  Preece  the  late  Dr.  Noad's  text-book  of  elec- 
tricity has  grown  into  an  admirable  handbook."— ffV«/MUMf/^  Renew, 

Electric  Lighting. 

ELECTRIC  LIGHT  :  Its  Production  and  Use,  embodying  plain 

Directions  for  the  Working  of  Galvanic  Batteries,  Electric  Lamps, 

and  Dynamo-Electric  Machines.     By  J.   W.  Urquhart,  C.E., 

Author  of  **  Electroplating."    Edited  by  F.  C.  Webb,  M.LCE., 

M.S.T.E.     With  94  Illustrations.     Crown  8vo,  7j.  (td.  cloth. 

'  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject." — A  tkenetum^ 

"  An  important  addition  to  the  literature  of  the  electric  light.    Students  of  the 

subject  should  not  fail  to  read  \x,"'^oUiery  Guardian, 

Lightning,  &c. 

THE  ACTION  of  LIGHTNING,  and  the  MEANS  of  DE- 
FENDING LIFE  AND  PROPERTY  FROM  ITS  EFFECTS. 
By  Arthur  Parnsll,  Major  in  the  Corps  of  Royal  Engineers. 
l3mo,  7/.  Ui.  doth,  [Just pubHskid. 


FUBUSHED  BY  CROSBY  LOCKWOOD  ft  CO.        a} 

The  Alkali  Trade— Sulphuric  Acid,  6fc, 

A  MANUAL  OF  THE  ALKALI  TKADE,  ioduding  the 
MuiuTocture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Mouufscluier,  Newcutle-npon- 
Tyne  uid  London,  With  333  Iliustrations  and  Working  Xtoaw- 
ing^  and  containing  386  pagei  of  text.  Super-royal  8(0, 
a;.  121.  td.  doth. 

Tkii  vioritmidci  (1)  a  CumfUli  HandlxKAfaT  iMlmUHt  Alkali  aid  SidpJUntie 


^ih4  traiU  I 


\HdJsr  tkust  alrtailii  in  tkt  field  toko  dait ., 


fuidtv. 
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iailynrnKdit/dutf. 
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no  I09  rlian  ?3?  wood  vpEravingf,  all  01  whicb  m«y  be  u.«ed  lor  Ehc  pujpota  of  cov- 
fttruction.  Every  ktep  in  Ehe  nianufaaure  u  very  Jully  deKribed  in  ibil  mamai^  Ukd 
each  in^provcmcni  explained.  EveryihinB  which  unds  lo  introduce  oconoBy  into 
Che  technical  details  of  Ihis  Irodc  receives  (be  fullest  attention.    The  book  hum  been 


eren  the  moa  experienced  tecbnoloBical 

And  to  tho  entupitung  bim  who  have  undcitakcD   it*  piiUicati«L"— CAflieifd/ 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practice  Imtructions  for  the  dctcimiaation  of  the  Ib> 
trinsic  or  Commendal  Value  of  Subttancei  used  in  Manu&ctoret, 
in  Trades,  and  in  the  Arts.  By  A.  Noeuandv,  Author  of  "  Fiac- 
tical  Intioduclion  to  Rose'i  Chemistry,"  and  Editor  of  Roie'i 
"  Treatise  on  Chemical  Analysis. "  New  Edition.  Enlarged,  and 
to  a  great  extent  re-written,  by  Menrv  M.  Noad,  Ph.  D.,  F,R,S. 
With  numerous  Illustrations.  Cr.  Sto,  I2j.  6rf.  doth. 
'*  We  jecomniend  this  book  to  the  caiefid  perusal  of  every  one ;  it  may  b*  tnly 

Kuid^  alike  indispeuable  to  the  housewife  ag  to  ue 
iftdlod  Timti. 

"EHCDtiil  totheanalyits  appointo)  under  the  new  Act  TV  a 

■re  liven,  and  the  woik  la  well  edited  tsd  canfiillT  wtiuen.'— AUim, 


S4  WORKS  IN  SCIENCE  AND  ART,  ETC, 

Dr.  Lardner's  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  E^ted  by 
DiONTSiVS  LAUiHH,D.CL.,f(>niieil7  Professor nfNitondPhi- 
Icno^j  and  Astronomy  in  Univeisitf  Collie,  London.  With  np- 
waida  of  laoo  Engravingi  on  Wood.  In  6  Double  Volomei. 
Price  £l  U.,  in  a  new  and  elegant  clo(h  binding,  or  handsomely 
bound  in  half  morocco,  311-.  &/. 

OP   THK    PRESS. 

Lc^uAiDtfld,  alio  iiDdcn>lc«s 

pfOBOte.  fluiv  th«Huaad  cofua  of  ihii  Kmceable  puUicalion  hive  bca  vrinEcd, 
IB  IIh  bdiaf  and  hop*  Ibal  Iha  dairc  for  initnictwn  ind  impnn'emeni  yn6t\y  yn- 
taila ;  anil  «a  havfi  po  feu  Ihu  luch  ealij^ileiied  faitL  will  duet  with  duB^iQuil- 

;ir«ai  tdandfic  koovledge,  cooiidvable  indue- 


dra  powi,  aod  a  popiuv  ttylc  of  tri 
"llw  '  Miueam  of  SiKenn  and  . 


w  tK«a  mado  to  tha  Sckniiiic  IrucructioD  of  vi 

"WhMherirs  coniidcr  the  libenJity  and  beauty  of  iIm  iD 

than  it  ha^yio  be  fouiul  among  the  nev  bsok 
pai^e  of  u  nuny  ages  and  daixi  u  a  Yaluable  pr 

COMMON  THINGS  EXPLAINED.  Containing  Aii,  Earth,  Fire, 
Water,  Time,  Man.  the  Eye,  Locomotion,  Colour,  Clockl  amd 
Watches,  &c     333  lUustntioni,  doth  gilt,  5/. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  EngraT- 
ing,  &c     147  llluslrations,  doth  gilt,  zi. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
tbe  Crust  of  the  Earth,  etc    aot  Illostrations,  doth  gilt,  v.  id. 

POPULAR  PHYSICS.  Conlaining  Magnitude  and  Minuteness,  the 
Atmosphere,  Sleleoric  Stones,  Popular  Fallacies,  Weather  Prt^- 
nosCics,  the  Theimometer,  the  Barometer,  Sound,  &c  85  Uus- 
trations,  cloth  gili,  zi.  (>d, 

STEAM  AND  ITS  USES.  Indudiw:  the  Steam  Engine,  the  Lo- 
comotive, and  Steam  Navigation.     €g  Ulustiations,  doth  gilt,  21. 

POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c     iSz  Illustrations,  4/.  id. 

THE  BEE  AND  WHITE  ANTS :  Their  Manners  and  Hatut*. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  lUus- 
tiations,  cloth  gilt,  zr. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Sdeo- 
tific  Acquirements,  the  various  forms  of  Telegraphy  in  Actual 
Operation.     100  Illustrations,  cloth  gilt,  u.  bd. 


PUBLISHED  BY  CROSBY  LOCKWOUD  ft  CO.        aS 
Dr.  Lardnet's  Handbooks  of  Natural  Philosophy . 

■■•  Tkt/BUrtmnrfiBivalumti.tliaHrhiiukitComUitiinilitif.imdtaitfvr' 
c)iiuidiitaraltlr,Jtnn  A  Coufliti  Couisi  of  Natl'ial  Pkilosophv,  attdatt 
IMltHiild/tr  til  tnund  nadir  loko  daitii  Is  atlain  amralt  k*iailiiifw  </'  On 
sarmii  MarlmiHlt  c/  PM^ytiatl  Scinui,  mlktml  ftimixf  Ikim  aamtm^  I'  l*t 
men  pmjsiaid  nulkads  t/  ma/ftemiUKal  Uviitirittim.  Tlu  ityit  u  tlmiaiait 
pepulat.  Jt  hat  btm  thi  anth^i  aim  to  m/fity  MaHuali  suck  as  an  nymrtd  fy 
tktSludtnl,  IktExtitHtr,  Ikt  Arlitan,  and  l)u  luferiar  claiui  in  Sckaelt. 

THE  HANDBOOK  OF  MECHANICS.  EnUreed  «iid  almort 
rewiiiten  by  Benjamin  Loewy,  F,R.A,S.  With  378  Illnstni- 
tions.     Post  Svo,  Gi.  cloih. 

"  The  penpicuiiy  cf  the  origuu]  ha  been  ntsincd,  and  duplet!  which  hul 
become  abtolelc,  nave  been  npUced  by  oihen  of  moie  tnodem  cbuacter.  Th« 
cxplanAliciu  thnnighoiil  are  tludioualy  popular,  and  cure  hai  been  hken  to  ihow 
iTifl  annlinTiAn  nf  r>i#  vaiioul  brancha    of   pby^icA  to  the    uiduAim]  am,  and  lO 

;   handbook'  of  HyDKOSTAtlCS  and  PNEUMATICS. 
New   Edition,    Revised  uid   Enlat^ed    by  Benjauin    Loewy, 
F.R.A.S.  With  ^36  lUuElrBtions.  Post  8vo,  5j.  cloth. 
'  For  IboK  '  who  doiie  id  uain  an  accurate  ImowledEe  or  phydcal  idcncc  vllh- 


TI^H 


ifidon/ihii  aiork  i>  » 


THE    HANDBOOK    OF    HEAT.       Edited    and    almost  entiraly 
Rewritten  by  Benjamin  Loswy,  F.R.A.S.,  etc.    117  lUosti^ 
lions.     Po5t  Svo,  6s.  cloth. 
"The  Etyle  lEalwayi  dear  and  precw,  ind  conv^i  iiumjctioa  witboul  IctTiBS 
any  cUnidiiieit  or  Ivrking  doubta  bchiod-" — £n£ifufnHg, 

THE    HANDBOOK    UF    OPTICS.      New    Edition.      Edited   by 
T.  Olv£r  Harding,  B.A.  39S  Ulustrationt.   Post  8vo,  S^.  doth. 
"Wrinen  hvoneoftlieDbleii  Eugliih  icieniificwiinn,bautiliillyiiiidelabo(u«lr 
Qlunrated."— J/rcAdniri'  Maraminr. 

THE    HANDBOOK    OF    ELECTRICITY,    MAGNETISM,  and 

ACOUSTICS,     New  Edition,     Edited  by  Geo.  Carey  Fostkk, 

B.A.,  F.C.S.    With  400  lUuslrations.    Post  Svo,  $1.  doth. 

•'  The  book  could  noi  have  been  enmintd  to  anir  one  better  calculated  to  pcaiinn 

the  tone  and  iudd  ityle  of  I^rdner,  while  coiRctinB  hii  aran  and  bringing  up  his 

wotk  to  the  ptcKDI  Huo  of  identific  knowledge."— /'^KJar  Stitna  Xnwa. 

Dr.  Lardner's  Handbook  of  Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  Fonnine  a  Com- 
panion to  the  "Handbooks  of  Natural  Philosophy."  By  DlONY- 
sius  Lardnes,  D.C.L.,  formerly  Prorcssor  of  Natural  Philosophy 
and  Astronomy  in  University  College,  London.  Fotirth  Edition. 
Revised  and  Edited  by  Edwin  Dunkin,  F.R.S.,  Royal  Observa- 
ton'>  Greenwich.  With  3S  Plates  and  nptrardi  of  100  Woodcuts. 
In  I  vol.,  small  Svo,  550 pages,  91.  td.,  cloth, 
"  Fiabablv  do  other  book  conuini  the  lame  ninouni  of  infcsmitian  in  »  cob- 
p&idioua  and  weU^rranged  ■  form — certainly  none  at  the  price  at  which  Ihb  k 


notny,  and  we  atrongly  recommeod  ii  to  all  who  wiah  TO  acmL, r , 

the  hune  time  correct— acquaintance  with  thUsuhlime  Kiotce.  — Qttarltrfy  ytmrnai 
a/Sd«Kt. 

Dr.  Lardner's  Handbook  of  Animal  Physics. 

THE    HANDBOOK   OF     ANIMAL    PHYSICS.      Bj   Dx. 

Lardneb.     With    530  lUuitrationi.    New  edidon,   amaU    Sto, 

cloth,  73»  pages,  71.  6rf. 

"  We  ham  no  bwntion  inconliiLllj  re 
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ZV.  Lto'dne^s  School  HanMooks. 

NATURAL  FHILOSOFHY  FOR  SCHOOLS.  ByDLLusim. 

318  OhutntiaDi.     SuOh  Edidoo.     i  vol  y.  &£  doth. 
"CcMT^IadMmdgTJeiBMMiiiinlMO— b(»I1  Aa  ^ivipd  fitinsm 
rf  Pfcriial  9  a  Mc  I.  '~Br5b»  QuM^ttt^  Rniim. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  Db.  LuomK. 
WUi  i^  lUmtntioD*.    SemoA  Edkioo.     i  toL  31 .  U.  ^th. 


ZV,  Lardner's  Electric  Telegraph. 

THE   ELECTRIC  TELEGRAPH.     By  Dk.  Lakdnu.    New 
Edition.     Rerited  and  Rewritten,  br  E.  B.  Bught.F.RJLS. 
140  ninttnUioiii.    SnudI  Sto,  u.  td.  cloth. 
"Owaf^hQitHMlibtobookieimiaBIheKkcnicTcfaanipli.*— g^f.Jfi»««niii'. 

A  MANUAL  OF  THE  MOLLUSCA ;  being  a  Trettiie  ctt 
ReocDt  uul  Foiul  Shelti.  By  Dr.  S.  P.  Woodwakd,  AX.5. 
With  Appendix  by  Ralph  Tate,  A,I-S.,F.G,S.  With  nnmer- 
00*  Flitei  and  300  Woodcub.     jid  Edition.  Cr.  8*0,  ^^,  6d.  doth. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION  ;  or,  Geolocy  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  CoaootS.  By 
GeobgeW.  VrcTOK  i.eVaux.  Fcap.  8vo,  51.  cloth. 

■tnir  of  ihc  usumemi  of  thiK  who  would  ielG«r.  WorLl  i(K<°*t  Goj'l  Wofd. 
No  ml  difficoliy  ii  shiikol,  ud  nu  uptiiiuy  u  left  unupued.'— T"*!  Kk*. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT;  beiw  a  Series  of  Euays  on— 1. 
Allq^  Discrepancies ;  a.  The  Theory  of  the  Geoloeisti  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmr^^y ;  4.  Mindei  in 
nnend — Views  of  Hume  and  Powell ;  5.  The  Minde  of  JoduM — 
Views  of  Dr.  Colenso :  The  SupematQiaUy  Imposnbte ;  6.  The 
Age  of  the  Fixed  Stars,  &c.    By  ProC  J.R.  VouNtk    Fcap.  51.  cL 

Geology, 

A  CLASS-BOOK  OF  GEOLOGY:  Consisting  of  "Physicai 
Geolof^,"  which  sets  forth  the  Leading  Principles  of  the  Science  ; 
and  "Historical  Geology,"  which  treats  of  the  Mineral  and  Organic 
Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 
being  made  to  the  British  Series  of  Rocks.  By  Ralph  Tatk, 
With  more  than  250  Illustiations.     Fcap.  8vo,  5r.  doth. 

Practical  Philosophy. 

A  SYNOPSIS  OF  PRACTICAL  PHILOSOPHY.  By  Rer. 
JOHM  CaRR,M,A,  late  Fellow  of  Trin.ColL,Camb.    iSmo,  51.  d. 

Pictures  and  Painters. 

THE    PICTURE  AMATEUR'S    HANDBOOK   AND  DIC 
TIONARY  OF  PAINTERS  :  A  Guide  for  Visitors  to  Picture 
Galleries,  and  for  Art-Students,   induding  methods  of  Painting, 
CleaiiiDg,  Re-Lining,  and  Res'    '       "--- ----1  ■■-1---1- -»■••-.  -■ 

Copyiitt  and  Imitators.  ByPm 
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Ciocks,  WaUhes,  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  ud  WATCHES, 
ind  BELLS.  By  Sir  Eduund  Beckett,  But  (late  E.  B. 
Denlson),  LL.D.,  Q.C.,  F.R.A.S,  SiiOi  Edition,  rrriied  ind  en* 
laiged.  Limpcloth(No.  67, Weale's  Series),  4r.6>£;  doth bdi.5j.&il 

"  A<  ft  populu  ukd  pnctical  trcatbc  it  u  mupproached" — Ettgiitk  M*clum£. 

"Tbc  \xa  work  on  the  lubjcct  prDbably  citanl.  Tha  uauic  on  belli  ii  db- 
doflbtedly  the  bes  in  the  Ungtuge. " — Enpfurring. 

"  The  odJt  modem  treatise  dd  dock-rnuiDS^' — Norvletical  JtittiuU, 

The  Construction  of  the  Organ. 

PRACTICAL  ORGAN  BUILDING.  By  W.  E.  DiCKSON, 
M.A.,  Precentor  of  Ely  Cathedral.     Crown  Svo,  51.  cloth. 

"  In  nanr  tupecu  the  booli  it  the  belt  that  hu  yet  appcued  on  the  ubject.  We 
coxdially  reconimeDd  \v"^EHg[isk  MrehaKW. 

*'Ajiy  pndical  amaicur  followiiif  [he  instnictioni   here  given  night  buUd  *n 


A  HANDBOOK  FOR  YOUNG   BREWERS.      By  HERBERT 

Edwakds  Wright,  B.A.      Crown  8yo,  31,  bd.  cloth. 

ien  ofth^^n  10  5 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES !  thdr 
Properties,  Applications,  Valuation,  Impurities,  and  SophisticatiolU. 
For  the  Use  of  Dyei^,  Printers,  Drysallcra,  Brokers,  &c.  By  J. 
W.  SlATRR.  Second  Edition.  Re-wtitlen  and  Enlarged.  Crown 
Svo,  -J!.  6d.  cloth.  [yust  ftihlUhtd. 

Grammar  of  Colouring. 

A  GRAMMAR  OF  COLOURING,  tppUed  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  edition,  en- 
larged. By  Ellis  A.  Davidson.  With  new  Coloured  Diagnuui 
uid  Engravings.     lamo,  31.  dd.  clolh. 

Woods  and  Marbles  {Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A  R. 
and  P,  Van  der  Burg.  With  24  full-size  Coloured  PUles  ;  alto 
13  PlunPlates,  comprising  i54Figures.    Folio,  zA  i2f.  &/.  bound. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MIUTARY  SCIENCES.  Framed 
from  Contributions  of  OfEccis  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corpe  a( 
Royal  Eneineert.  and  Edition,  revised ;  nearly  350  Engisvings 
and  many  hundred  Woodcutl.     3  voli.  royal  Svo,  doth,  4J,  lai, 

Pteld  Fortification. 

A  TREATISE  on  FIELD  FORTinCATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING. By  Colonel  L  S.  Macaulay,  bte  Probswr  of 
Fortiiication  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  omni 
Svo,  doth,  with  aeporate  Atlas  of  II  Plates,  Ui.  complete^ 


28  WORKS  IN  SCIENCE  AND  ART,  ETC., 

Delamottis  Works  an  IlluminatUm  dfAlphabUs. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION ;  for  Um 

use  of  Beginnen ;  with  a  Rudimentary  Treatise  on  the  ^Jt,  Pno- 

tical  Directions  for  its  Exercise,  and  numerous  Eaounplet  taken 

from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dbla* 

Mom.    Small  4to,  9x.   Elegantly  bound,  cloth  antique. 

"  The  eacamples  of  ancient  MSS.  recommended  to  die  thidont.  wfaid!,  widi  mBcil 
^;ood  Mnse,  the  author  chooaes  firom  collections  accessible  to  all,  ai«  selected  widi 
judgment  aiid  knowledge,  as  well  as  taste."— ^/4«MnM». 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDLEVAL  \ 

from  the   Eighth   Century,  with  Numerals  ;   including  Gothic^ 

Church-TcKt,  German,  ItaUan,  Arabesque,  Initials,  Monograms^ 

Crosses,  &c.    Collected  and  engraved  by  F.  Delamottx,  and 

printed  in  Colours.     New  and  Cheaper  Edition.     Royal  8vo^ 

oblong,  2J.  dd,  ornamental  boards. 

*'  For  diose  who  insert  enamelled  sentences  round  gilded  chalices,  who  blanm  diop 
legends  over  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  tibfO 
Decalogue,  this  book  will  he  useful  "—^MMMntM. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 

MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Perw 

spective,    Greek,    Hebrew,    Court   Hand,    Engrossins,   Tuscan, 

Kiband,  Gothic,  Rustic,  and  Arabesque,  &c.,  &c.     C<3lected  and 

engraved  by  F.  Delamotts,  and  printed  in  Colours.    New  and 

Cheaper  Edition.     Royal  8vo,  oblong,  zr.  6</.  ornamental  boards. 

"  There  is  comprised  in  it  every  possiUe  shape  into  which  the  letters  of  the  alf^bet 
and  numerals  can  be  formed.**— ^/oiM^sn^ 

MEDIiEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS.  By  F.  Delamotte.  Containing  21  Plates,  and 
Illuminated  Title,  printed  in  Gold  and  Colours.  With  an  Intro- 
duction by  J.  Willis  Brooks.    Small  4to,  6f.  doth  gilt 

THE  EMBROIDERER'S  BOOK  OF  DESIGN ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Dbiamottb,  and 
printed  in  Colours.    Oblong  royal  8vo,  i  j.  6</.  ornamental  wrapper. 

Wood'  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 

Hints  on  Design.    By  A  Lady.     In  emblematic  wrapper,  hand* 

somely  printed,  with  Ten  large  Plates,  2x.  ttL 

"The  handicraft  of  the  wood-canrer,  so  well  as  a  book  can  impart  it,  may  be  learnt 
from '  A  Lady's '  publication."— w^Mcmmmk. 

Popular  Work  on  Painting. 

PAINTING   POPULARLY   EXPLAINED;   with   Historical 
Sketches  of  the  Progress  of  the  Art    By  Thomas  John  Gui.t.tck, 
Painter,  and  John  Timbs,  F.S.A     Fourth  Edition,  revised  and 
enlarged.  WiUi  Frontispiece  and  Vignette.  In  small  8vo»  51. 6<^  doth. 
V  ^<^  ^o^^  ^^  ^^^  adopUd  as  a  PriMfbook  in  the  Schools  of 
Art  at  South  JCensington. 
**  Contams  a  large  amount  of  ori^nal  matter,  agreeably  conveyed.*— iffsnUrr. 
**  Much  may  be  learned,  eren  by  those  who  umcy  they  do  not  require  to  be  tao^i^ 
from  the  careful  perusal  of  tnis  unpretending  but  comprehensive  tz«atiae.*--^r/y!M(r»MiiL 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO.        39 

AGRICULTURE,  GARDENING,  ETC. 

♦  ■  ■ 

Yauatt  and  Burtis  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  mnd  CATTLE- 
BREEDER'S  ASSISTANT.     A  Compendium  of  Husbandry. 
By   William   Youatt,  Esq.,  V.S.      12th  Edition,   very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.    By  Robert  Scott  Burn.    €)ne  large  8vo. 
volume,  860  pp.  with  244  Illustrations,  i/.  i/.  half-bound. 
**  The  standard  and  text-book,  with  the  farmer  and  grazier,  "—i^omwr^x  Magantu, 
''A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures."— ilfar^  Lattg  Expr9u, 

History,  Structure,  and  Diseases  of  Sheep. 

SHEEP  ;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C,  &c. 
Fourth  Edition,  M-ith  fine  engravings,  including  specimens  o  jNew 
and  Improved  Breeds.     366  pp.,  41.  doth. 

Production  of  Meat. 

MEAT  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat  Being  a  treatise  on  means  of 
increasing  its  Home  Production.  Also  comprehensively  treating 
of  the  Breeding,  Rearing,  Fattening,  and  Slaughtering  of  Meat- 
yielding  Live  Stock  ;  Indications  of  the  Quality  ;  Means  for  Pre- 
serving, Curing,  and  Cooking  of  the  Meat^  etc  By  John  Ewart. 
Numerous  Illustrations.  Cr.  8vo,  5^.  cloth. 
"  A  compact  and  handy  volume  on  the  meat  Question,  which  deserves  serious  and 
thoughtful  consideration  at  the  present  time." — Mtat  ana  Provision  Tradtif  Revirw. 

Donaldson  and  Burns  Suburban  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  John 
Donaldson.  With  considerable  Additions,  Illustrating  the  more 
Modem  Practice,  byR.  Scott  Burn.  With  Illustrations.  Second 
Edition.    i2mo,  \5,  cloth  boards. 

Modem  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming;  Economy — 
Cattle,  Sheep,  and  Horses — Management  of  the  Dairy,  Figs»  ftud 
Poultry — UtiUsation  of  Town  Sewage,  Iiri^tion,  &c.  New  Edition. 
In  I  voL  1250  pp.,  half-bound,  profusel]^  dlustrated,  ins. 
''There  is  sufficient  stated  within  the  limits  of  tms  treatise  to  prevent  a fiurmer 
frma  going  far  wrong  in  any  of  his  operations."— (7Afmvr. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.  Showing;  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivatug  every 
known  Vegetable  and  Herb,  etc.  By  Grorgk  M.  F.  Glenny. 
i2mo,  2J.  doth  boards. 
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The  Management  of  Estates. 

LANDED  ESTATES  MANAGEMENT:  Ticatiiig  of  tibe 
Vftrietief  of  Lands,  Methods  of  Fanning,  the  Settrag-oat  of  Faim^ 
Construction  of  Roads  and  Fann  Buildings,  of  Waste  or  Un- 
pcodtictiTe  Lands,  Irrigatioo,  Drainage,  &c.  Bf  R.  Sccrrr  Binui. 
Second  Edition.     i2mo,  3/.  doth. 

BMaC  of  baded  tatasuet!* —Journal  0/ Forestry, 

The  Management  of  Farms. 

OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organia- 
tioo  of  Fann  Labour.  Treating  of  Uie  General  Woric  of  the  Fann» 
Fidd,  and  lire  Stock,  Details  of  Contract  Work,  Specialties  of 
Labour,  Economical  Management  of  the  Farmhouse  uid  Cottage^ 
Domestic  Animals,  &c.    By  Robert  Scott  Burn.    i2mo,  3^. 

Management  of  Estates  and  Farms. 

LANDED  ESTATES  AND  FARM  MANAGEMENT.  By 
R.  Scott  Burn.  With  Illustrations.  Consisting  of  the  above 
Two  Works  in  One  Vol.,  6f.  half-bound. 

English  AgricultMre. 

THE  FIELDS  OF  GREAT  BRITAIN.  A  Text-book  of 
Agriculture,  adapted  to  the  Syllabus  of  the  Sdenoe  and  Art 
Department.  For  Elementary  and  Advanced  Students.  By 
Hugh  Clements  (Board  of  Trade).  With  an  Introduction  by 
H.  Kains-Jackson.     i8mo,  tj.  6d.  cloth. 

"  A  dearly  written  deacription  of  the  ordinary  routine  of  English  fium-Iife." — Land, 
"A  carefully  written  text-book  of  A^culture.** — Athenaum.  ^ 
"A  most  comprebentive  volume,  giving  a  mass  of  information.'* — AericmUureU 
>-•     •-  /■   r^        •#    rr^  \Economui. 

Culture  of  Fruit  Frees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Breuil,  revised  by  Geo.  Glenny.     i2mo^  41. 

Good  Gardening, 

A  PLAIN  GUIDE  TO  GOOD  GARDENING ;  or,  How  to 
Grow  Vegetables,  Fruits,  and  Flowers.  With  Practical  Notes  on 
Soils,  Manures,  Seeds,  Planting,  Laying-out  of  Gardens  and 
Grounds,  &c.  By  S.  Wood.  Third  Edition.  Cr.  8vo,  5^.  doth. 
*'  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide. 
The  practical  directions  are  excellent"— ^/A«mrwm. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  £(i70  a  year,  by  the  Cultivation  of  Fruits 
and  Vegetables ;  also.  How  to  Grow  Flowers  in  Three  Glass 
Houses,  so  as  to  realise  £vj(i  per  annum  clear  Profit.  By  Samuel 
Wood.  3rd  Edition,  revisei  Cr.  8vo,  2j.  cloth. 
"  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and 
gentleman's  gardener,  but  to  the  market  gcomtx"— Gardener' t  Mt^puhu, 

Early  Fruits^  Flowers  and  Vegetables. 

THE  FORCING  GARDEN  :  or.  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.  With  Plans  and  Estimates  showing  the 
best  and  most  economical  way  of  Building  Glasshouses,  Pits,  and 
Frames  for  the  various  classes,  &c.  By  Samuel  Wood,  Author 
of  '*  Good  Gardening,"  &c.     Crown  8vo,  3/.  M  UmtpMuhU. 
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Gardening  for  Ladies. 

THE  LADIES*  MULTUM-IN-PARVO  FLOWER  GARDEN, 
and  Amateur's  Complete  Guide.  By  Samuel  Wood,  Author 
of  "Good  Gardening,'*  &c  With  Illustrations.  Crown  8vo, 
3f.  dd.  cloth. 

Bulb  Culture. 

THE  BULB  GARDEN,  or,  How  to  Cultivate  Bulbous  and 
Tuberous-rooted  Flowering  Plants  to  Perfection.  A  Manual 
adapted  for  both  the  Professional  and  Amateur  Gardener.  Bv 
Samuel  Wood,  Author  of  "Good  Gardening,"  etc.  With 
Coloured  Illustrations  and  Wood  Engravings.  Cr.  8vo,  31.  6^.  cloUu 

Tree  Planting. 

THE    TREE   PLANTER   AND   PLANT   PROPAGATOR: 
Being  a  Practical  Manual  on  the  Propagation  of  Forest  Trees 
Fruit  Trees,  Flowering  Shrubs,  Flowering  Plants,  Pot  Herbs,  &c. 
Numerous  Illustrations.    By  Samuel  Wood.    i2mo,  zs,  6d.  cloth. 

Tree  Pruning. 

THE  TREE  PRUNER:  Being  a  Practical  Manual  on  the 
Pruning  of  Fruit  Trees.  Including  also  their  Training  and  Renova- 
tion, also  treating  of  the  Pruning  of  Shrubs,  Climbers,  and  Flower- 
ing Plants.    By  Samuel  Wood.     i2mo,  2j.  td,  cloth. 

Tree  Planting,  Pruning,  &  Plant  Propagation. 

THE  TREE  PLANTER,  PROPAGATOR,  AND  PRUNER 
By  Samuel  Wood,  Author  of  **  Good  Gardening,"  &c.  Consisting 
of  the  above  Two  Works  in  One  Vol.,  5J.  half-bound. 

Potato  Culture. 

POTATOES.  HOW  TO  GROW  AND  SHOW  THEM;  A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.     By  James  Pink.     With  Illustrations.     Cr.  8vo,  2s.  cL 

Hudson  s  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT :  bdnc  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  oi 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c.  By  R.  Hudson,  CE. 
New  Edition,  royal  32mo,  leather,  gilt  edges,  elastic  band,  4/. 

Ewart's  Land  Improver^ s  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MULiE,  TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty. By  John  Ewart,  Land  Surveyor  and  Agricultural  Engineer. 
Royal  32mo,  oblong,  leather,  gilt  edges,  with  elastic  band,  41. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE  POCKET-BOOK ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  7/.  6d. 
"  We  consider  Hudson's  book  to  be  the  best  ready-reckoner  on  matters  relatiaff  to 
the  valuation  of  land  and  crops  we  have  ever  seen^  and  its  combination  with  Mr. 
£  wart's  work  greatly  enhances  the  value  and  usefulness  of  the  latter-mentionod.— 
It  is  most  useful  as  a  mauiual  for  reference."— iViprM  </*  Engitutd Farmtr. 
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*A  Complete  Epitome  of  the  Laws  of  this  Country.^ 

EVERY  MAN'S  OWN  LAWYER ;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  Barrister.  New  Edition. 
Corrected  to  the  end  of  last  Session.  Embracing  upwards  of 
3,500  Statements  on  Points  of  Law,  Verified  by  the  addition  of 
Notes  and  References  to  the  Authorities.  Crown  8to,  doth, 
price  dr.  %<L  (saved  at  every  consultation).  \ 

COMPRISING  THK  RIGHTS  AND  WRONGS  OF  INDIVIDUALS,  MERCANTILE 
AND  COMMERCIAL  LAW,  CRIMINAL  LAW,  PARISH  LAW,  COUNTY  COURT 
LAW,  GAME  AND  FISHERY  LAWS,  POOR  MEN's  LAW,  THE  LAWS  OP 


Bankruptcy— Bills  op  Exchangb— 

GcmTKACTS  AMD  AgKBBMBNTS — COPV- 
KIGMT— DoWUt  AND  DiVOSCK — ElBC- 
TIONS    AND   RbGISTRATION — INSURANCE 

— LiBBL  AND  Slander— MoRTGAGBS— 

Also  Law  for  Landlord  and  Tenant — 
Master  and  Servant— Workmen  and  Ap- 
ptentioes — Hein,  Devisees,  and  L^a- 
tees  —  Husband  and  Wife  —  Executon 
and  Trustees  —  Guardian  and  Ward  — 
Married  Wmnen  and  Infant»— Partners 
and  Agents  —  Lender  and  Borrower  — 
Debtor    and    Creditor  ^  Purchaser  and 


Sbttlemxnts  -  Stock  Exchangb  Prac- 
TICS— Tradb  Marks  and  Patbmts— 
Trespass,  Nuisancks,  etc— Transfer 
OP  Land,  etc— Warranty— Wills 
AND  Agreements,  etc 

— Friendly  Societies — Qei^ymen,  Church- 
wardens— Medical  Practitiaoers,  &c  — 
Bankers — Fanners  —  Contractors — Stock 
and  Share  Brokers — Sportsmen  and  Game- 
keepers— Farriers  and  Horse-Dealera— 
Auctioneers,  House-Agents — Innkeepers, 
&c —  Pawnbrokers  — Surveyors  —  Kail- 
ways  and  Carriers,  &c,  &c 


Vendor  —  Companies  and   Associations 

**  No  Englishman  ought  to  be  without  this  book." — Enginetr. 

"  What  it  professes  to  be — a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-profe»ional  readers.  The  book  is  a  handy  one  to  have  in  readiness 
when  some  knotty  point  requires  ready  solution." — BelFs  Lift, 

"  A  useful  and  concise  epitome  of  the  law." — Law  Magaxitte. 

Auctioneers  Assistant, 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  generally ; 
with  Prices  for  Inventories,  &c  By  John  Wheeler,  Valuer,  &c 
Fourth  Edition,  enlarged,  by  C  Norkis.  Royal  32mo,  cloth,  5/. 
"  A  concise  book  of  reference,  containing  a  clearly*arranged  list  of  prices  for 
inTentories,  a  practical  guide  to  determine  the  value  of  furniture,  &c.**—^Umdard, 

A  uctioneering. 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIES. 
By  Robert  Squibbs,  Auctioneer.    Demy  8vo,  lar.  6<2.  doth. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY  :  a  Popular  and  Prac- 
tical Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Houses  and  Land  ;  including  the  Law  of  Dilapidations  and 
Fixtures,  &c.  By  E.  L.  Tarbuck.    2nd  Edit.  i2mo,  31.  td,  cloth. 

'*  We  are  ^lad  to  be  able  to  recommend  it." — Builder. 

"  The  advice  is  thoroughly  practical."— Xow  JoumaL 

Metropolitan  Rating. 

METROPOLITAN  RATING :  a  Summary  of  the  Appeals 
heard  before  the  Court  of  General  Assessment  Sessions  at  West- 
minster, in  the  years  1871-80  inclusive.  Containing  a  large  mass 
of  very  valuable  information  with  respect  to  the  Rating  of  Rail- 
WEjTS,  Gas  and  Waterworks,  Tramways,  WTiarves,  Public  Houses, 
&C.    By  Edward  and  A.  L.  Ryde.  8vo,  12s,  6d. 


Bmtbarf,  Agattw,  ft  Co.,  Printers,  WUteCriars,  London. 
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A    NEW   LIST    OF 

WEALE'S    SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL. 

farimmls/Scir 


and  SiKdrnb  tnrrally.  ai  mill  at  la  /Ml 


cf  Chut 


&t.,  &v. 


S-  •■  WEALE'S  SERIES  includes  Teit-Boaks  on  almost  eveiy  branch  o[ 
Science  ood  Industry,  comprisiag  such  subjects  lu  AgricuKurei  Architecture 
and  Building,  Civil  Engineering,  Fine  Aria,  Mechanics  and  MechanioU 
Engineering.  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  ore  con;tu)tly  uadergoinR  revisioii,  Euid  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  con 
issued.  The  prices  at  uhich  they  are  sold  are  as  low  as  their  excellc 
assured." — Americaa  Literary  Gaettte. 

"  Amongst  the  literature  ol  technical  education,  Whale's  Serie!>  hi 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Mcssis.  Crosbv 
LocKwoou  4  Co.  render  the  series  even  more  compkie,  and  bring  th-  '  '- 
matlon  upon   the    several  subjects  down    to  the  present  lime."— 
Jimrnal. 

"  II  is  impossible  to  do  otherwise  than  bear  testimony  to  the  value  o( 
We  ALE'S  Series." — Enginar. 

"Everybody — even  that  outrageous  nuisance  'Every  Schoolboy' — knowt 
Ihe  merits  of  '  WSALE'S  RUDtMENTARV  SeRies.'  Any  persons  wishing  to 
act^uire  knowledge  cannot  do  better  than  look  through  Weale's  Series  and 
get  all  the  books  they  require.  The  Series  is  indeed  an  inexhai 
jf  literary  wealtli.'*— TS*  Mtiropolitan. 

"  WHALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  tr 
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WEALE's  RimiHSNTARY  SERIES. 


WEAIB'S  SUBIKEHTAET  8CIEHTIFIC  8EEIES. 


%*  The  Tolumes  of  this  Series  are  freelv  Illnstrated  with 
Woddcuts,  or  otherwise,  where  requisite.  Tnrooghoat  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated;  but  ike  volumes  market 
mttk  a  %  may  alio  be  Mad  strongly  bound  in  cloth  boards  for  (td» 
extra, 

N.B. — In  ordering  from  this  List  it  is  reeomwunded^  as  a 
means  of  fcuilitatint  business  and  obviating  errors  to  quote  the 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


N„.      ARCHITECTURE,  BUILDING,  ETC. 

16.'  ARCHITECTURE— ORDERS— Tht  Orders  and  Iheir  -Esthetic 
Principles.    By  W.  H.  Lbsds.    Illustrated,    is.  6d. 

17.  ARCHITECTURE— STYLES— Tht  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.    Bv  T.  Talbot  Bury,  F.K.I.B.A.,  8cc.    Illustrated,    ss. 
*,*  Ordrrs  and  Styles  of  ArchitscturBi  in  One  l^ol.,  3^.  6d. 

18.  ARCHITECTURE— DESIGN— The   Principles    of  Design    in 

Architecture,  as  deducible  from  Nature  and  exemplinod  in  the  Works  of  the 

Greek  and  Gothic  Architects.  By  E.L.Garbrtt,  Architect.  Illustrated.  2s.6d. 

%•  TAe  three  preceding  Works,  in  One   handsome   Vol.,  half  bound,    entitled 

**  Modern  Architscture,"  price  6». 

22.  THE  ART  OF  BUILDING,  Rudiments  of.    General  Principles 

of  Construction,  Materials  used  in  Building^  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.     By  £.  Dobson,  ss4 

23.  BRICKS  AND  TILES,  Rudimentaiy  Treatise  on  the  Manufac- 

ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.  By  Edw. 
DoB.soN,M.R.I.B.A.  With  Additions  by  C  Tomlinson,  F.R.S.  Illustrated,  js.t 

25.  MASONRY  AND  STONE  CUTTING ;  in  which  the  Principles 
of  Masonic  Projection  and  their  application  to  the  Construction  of  Curved 
Wing- Walls,  Domes,  Oblique  Brioges,  and  Roman  and  Gothic  Vaulting, 
are  explainea.    By  Edward  Dobson,  M.R.I.B.A.,  &c.    2s.  6d.t 

44.  FOUNDATIONS  AND  CONCRETE  fr0i?^5,  a  RudimenUry 

Treatise  on  ;  containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Planking,  Sand,  Concrete,  B£ton,  Pile-driving,  Caissons,  and 
Cofferdams.    By  £.  Dobson,  M.R.I. B.A.,  &c.    Fifth  Edition,  revised,  is.  6d. 

42.  COTTAGE  BUILDING.     By  C.    Bruce   Allen,  Architect. 

Ninth  Edition,  revised  and  enlarged.    Numerous  Illustrations,    is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c.    By  G.  R.  Burnell,  C.E.    Twelfth  Edition,    is.  6d. 

57.   WARMING  AND    VENTILATION,   a  Rudimentary  Treatise 
on  ;  being  a  concise  Exposition  of  the  General^  Principles  of  the  Art  of  Warm- 
Mines,  Lighthouses, 
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in^  and  ventilating  Domestic  and  Public  Buildings, 

Ships,  &c.    By  Charles  Tomlinson,  F.R.S.,  &c.    Illustrated.    3s. 


•  • 


CONSTRUCTION  OF  DOOR  LOCKS.     Compiled  from  the 

Papers  of  A.  C.  Hobbs,  Esq.,  of  New  York,  and  Edited  by  Charlbs  Tom- 
u>soN,  F.R.S.  To  which  is  added,  a  Description  of  Fenbv's  Patent  Locks, 
and  a  Note  upon  Iron  Safes  by  Robert  Mallkt,  M.I.C.E.    Illus.    as.  6d. 

III.  ARCHES,  PIERS,  BUTTRESSES,  ^c:  Experimental  Essays 
on  the  Principles  of  Construction  in  ;  made  with  a  view  to  their  being  useful 
to  the  Practical  Builder.    By  Wiluam  Bland.    Illustrated,    is.  6d. 

116.  THE   ACOUSTICS    OF    PUBLIC    BUILDINGS;    or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Buihler.    By  T.  Roger  Smith,  M.K.I. B.A.,  Architect.    Illustrated,    is.  6d. 


Hr^   7  kf  %  imiicatrs  that  these  to/s.  may  be  had  strongly  bound  at  td.  extra. 
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Architecture,  Building,  etc,  continued, 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  Ihe  Art  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,    is.  6d. 

128.  VITRUVIUS—THE     ARCHITECTURE     OF     MARCUS 

VITRUVIUS  POLLO,     In  Ten  Books.    Translated  from  the  Latin  by 
JosBPH  GwiLT,  F.S.A.,  F.R  A.S.    With  aj  Plates.    58. 

130.  GRECIAN  ARCHITECTURE^  An  Inquiry  into  the  Principles 
of  Beauty  in ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Eakl  of  Abbkdbbn.    is. 
%*  Th€  hvo preceding  Works  in  One  handsome  VoL^  half  bonnd^  entitle  "Ancibnt 

Architbcturb  *^  Price  6s» 
132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Erection 
of.  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a 
pair  of  Semi-detached  Villas,  with  the  Specification,  Quantities,  and  Esti- 
mates, and  every  requisite  detail,  in  sequence,  for  their  Construction  and 
Finishing.    By  S.  H.  Brooks,  Architect.   New  Edition,  with  Plates,    ss.  6d.t 

1 56.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 
Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumbers*,  Painters*,  Paper- 
hangers',  Gilders',  Smiths',  Carpenters',  and  Joiners*  Work.  By  A.  C. 
Bbaton,  Architect  and  Surveyor.  New  and  Enlarged  Edition.   lUus.    zs.  6d. 

175.  LOCKWOOD  <&•  CO:S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  for  1882.  conUining  the  latest  Prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building,  &c.,  &c. 
Revised  and  Edited  by  F.  T.  W.  Millbr,  Architect  and  Surveyor.  3s.  6d. ; 
half  bound,  4s. 

182.  CARPENTRY  AND  yOINERY—HniL  Elementary   Prin- 

ciPLKS  OF  Carpentry.  Chiefly  composed  from  the  St.-indard  Work  of 
Thomas  Trkdgold,  C.E  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  Wyndham 
Tarn,  M.A.    Numerous  Illustrations.    3s.  6d.X 

182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 
accompany  the  above.  With  Descriptive  Letterpress.  4to.  6i. ;  cloth  boards, 
7s.  6d. 

187.  HINTS  TO  YOUNG  ARCHITECTS,    By  George  Wight- 

WICK.  New,  Revised,  and  enlarged  Edition.  Hy  G.  Huskisson  Guillaumb, 
Architect,      With  numerous  Woodcuts.    3s.  6d4 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING :  A  Practical  Manual  of,  containing  full  information  on  tho 
Processes  of  House-Fainting,  the  Formation  of  Letters  and  Practice  of 
Sign-Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House-Painters,  Writers,  &c.,  8tc.  With  9  Coloured  Plates  of 
Woods  and  Marbles,  and  nearly  X50  Wood  Engravings.  By  Elus  A, 
Davidson.    Third  Edition,  revised.     5s.  clotb  limp ;  6s.  cTotb  boards. 

189.  THE   RUDIMENTS    OF   PRACTICAL    BRICKLAYING. 

In  Six  Sections :  General  Principles ;  Arch  Drawinaf,  Cutting,  and  Setting ; 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,  Mensuration,  &c.    By  Adam  Hammond.    Illustrateo.    xs.  6d. 

191.  PLUMBING,    A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage,  embodying  the  latest 
Improvements.  Third  Edition,  enlarged.  Containing  300  Illustrations. 
By  W.  P.  BucHAV,  Sanitary  Engineer.    3s.  6d.t 

192.  THE   TIMBER   IMPORTER'S,  TIMBER  MERCHANTS, 

and  BUILDER'S  STANDARD  GUIDE ;  comprising  copious  and  valu- 
able  Memoranda  for  the  Retailer  and  Builder.  By  Richard  E.  Grandv. 
Second  Edition,  Revised.     x&.X 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.     By 

J.  G.  Badbnoch.    Illustrated  with  12  full-page  Engravings  of  Examples,  is. 

206.  A.  BOOK  ON  BUILDING,   Civil  and  Ecclesiastical,  including 

Church  Rbstoration.  With  the  Theory  of  Domes  and  the  Great  Pyramid, 
&c.  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.  Second  Edition, 
enlarged,  4s.  6d.t 


The  t  indicates  that  fhrse  vols,  rnay  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued. 

226.  TI/E  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
Construction  of  various  kinds  of  Engineering  and  Architectural  Works  (A 
Practical  Treatise  on).  With  especial  reference  to  those  wrought  by  Arti- 
ficers in  Erecting  and  Finishing  Habitable  Structures.  By  Wyvill  J. 
Chris  rv,  Architect  and  Surveyor.  With  upwards  of  One  Hundred  and  Sixty 
Kn^avin^  on  Wood.    \%.t  [fMsi publiskded. 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  IVOOt)  AND  IRON 

(An  Elementary  Treatise  on).  Deduced  chiefly  fVom  the  Works  of  Robison, 
Tredgold,  and  Humber.  By  E.  Wynoham  Tarn,  M.A.,  Architect.  With 
numerous  Illustrations,     is.  6d.  \Jus1  pMbluthed. 

229.  ELEMENTARY  DECORATION :    A  Guide  to  the  Simpler 

Forms  of  Evenrday  Art,  as  applied  to  the  Interior  and  E-xterior  Decoration 
of  Dwelling-Houses,  &c.  By  James  W.  Facby,  Tun.  Illustrated  with 
Sixty-eight  explanatory  Engravings,  principally  m)m  Designs  by  the 
Author.     2s.  \J mi  published. 

230.  IIANDRAILING  (A  Practical  Treatise  on).     Showing  New  and 

Simple  Methods  for  finding  the  Pitch  of  the  Plank,  Drawing  the  Moulds. 
Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  Gborgb  Collings. 
Illustrated  with  Plates  and  Diagrams,    xs.  6d«  [Just  published. 

CIVIL   ENGINEERING,    ETC. 
219.  CIVIL    ENGINEERING.      By   Henry   Law,  M.Inst.  C.E. 

Including  a  Treatise  on  Hydraulic  Enginrbriko  by  Gbo.  R.  Burnell, 
M.Inst.C.E.  Sixth  Edition,  revised,  with  Largb  Additions  on  Rbcb.vt 
Practice  in  Civil  Engineering,  by  D.  Kinnbar  Clark,  M.Inst.  C.E., 
Author  of  "  Tramways  :  1  heir  Construction,"  &c.  68. 6d.,  Cloth  boards,  7s.  6d. 

31.  WELL-DIGGING,  BORING,  AND  PUMP-WORK.  Bv  John 
Gborgb  Swindell,  A. R.I. B.  A.  New  Edition,  by  G.  R.  Burnbll,  C.E.   xs.6d. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 
Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  John  Burgoynb,  Bart.,  K.C.B.    Illustrated,    xs.  6d. 

62.  RAILWAY  CONSTRUCTION  Elementary  and  Practical  In- 
structions on  the  Science  of.  By  Sir  M.  Stephenson,  C.E.  New  Edition, 
by  Edward  Nugbnt,  C.E.  With  Statistics  of  the  Capital,  Dividends,  ana 
Working  of  Railways  in  the  United  Kingdom.  By  E.  D.  Chattaway.  4s. 
8o*.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  &c.    By  J.  Wiggins,  F.G.S.    as. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a.  Description  of  the  Principal  Geological  Formations  of  England  as  in> 
fluencing  Supplies  of  Water ;  and  Details  of  Eneines  and  Pumping  Machinery 
for  raising  Water.    By  Samubl  Hughes,  F.G.S.,  C.E.    New  Edition.    4s.t 

117.  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 

tical  Treatise  on.  By  Thomas  Fenwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
Modem  Improvements.     By  Thomas  Baker,  C.E.    Illustrated.    2s.  6d.t 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.    By  David  Stevenson,  F.R.S.E.,  8tc,    Plates  and  Diagrams,    is. 

197.  ROADS  AND  STREETS  {THE  CONSTRUCTION  OF), 
in  two  Parts:  I.  The  Art  of  Constructing  Common  Roads, by  Henry 
Law,  C.E.,  revised  by  D.  K.  Clark,  CE.  ;  II.  Recent  Practice,  mclading 
pavements  of  Stone.  Wood,  and  Asphalte,  by  D.  K.  Clark.    4s.  6d.t 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VlLLAGliS.  Comprising: — i.  Some  of  the  more  Common  Forms  of 
Nuisance  and  their  Remedies  ;  2.  Drainage ;  3.  Water  Supply.  By  Charles 
Slagg,  A.l.C.K.    2s.  6d.J 

212.  THE  CONSTRUCTION  OF  GAS-WORKS,  and  the  Manu- 

facture and  Distribution  of  Coal  Gas.  Originally  written  by  Samuvl 
Hitches,  C.E.  Sixth  Edition,  re-written  and  much  Enlarged  by  William 
Richards,  CE.     With  72  Illustrations.    4s.  6d.J 

213.  PIONEER  ENGINEERING.     A  Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries.   By  Edward  Dobson,  Assoc.  Inst.  C.E.    4s.  6d.t 
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MECHANICAL   ENGINEERING,    ETC. 
J3.  CRANES,  ihe  Construction  of,  and  other  Machineiy  for  Raising 
Heavy  Bodies  tor  the  Erection  of  Buildingi,  and  fur  HaiitinE  Goodi.    Uy 
JosiPH  Glvnh,  F.K..S.,  Kc.     tlluitrited.     19.  6d. 

34,  THE  STEAM  ENGINE.  By  Dr.  Larunkr.   Illustrated.    la.  6d. 
Sq.  STEAM  BOILERS:   thdr  Construction  aud  Maoagement.    By 

R.  AaiisnOKO.CE.    Illmttited.    is.  5d. 
67.  CLOCKS,   WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 

on.  BySirEoMUKD  BncKirr  llilo  Eduukd  Bickiii  DnHiaOMt,  LL.D.,  Q.C. 

A  Nenr.  Revtied.  and   coa)i<ie»bly  Eoluged  Edition  (the  6ib|,  witb  vecf 

81.  THE°POWEr'oF  WATER,  <rapplied'lo"'drivrRl'uJ' Mills, 
and  la  give  motion  lo  Turbine,  and  other  Hydrojutic  Eagisu.  By  Joi»PM 
Glthh,  F.R.S.,  &c.    New  Eilition,  Itluitraled.    Ii.t 

98.  PRACTICAL  MECHANISM,  the  Elemenls  of;   and  Machine 

Tonli.  HyT.  Bakek.  C.E.  WLlhAdditionibyJ.  Nashvih,  C.E,  n.fA-X 
139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

of,  with  RulM  and  E»rnple>  for  Practical  Mi'n.  ByT.  Bakih,  C.E.  uM. 
161.    THE    BRASS    FOUNDER'S     MANUAL;     Instructions     for 

Modellini;,    Pit lem.  Making,    Moulding,    Turning,     Filing.    Bucniihing, 

164.  MODERN  JVORK^SHOP^PRACTIch,  aVappli^" w' M'atine. 
Land,  and  Locomotive  ExitiDei.  Floating  Docks,  bredfing  Machinn, 
Brid™,Crarei,,Ship-building,Sc.,»c.   By].  G.  WiNTOM.    lilii.lr.led.    ji.t 

«6S-  IRON  AND  HEAT,  eihibiling  the  Principles  concerned  in  the 
Conitrgction  o[  Iron  Boami,  Pillan.  and  Bridge  Giidert.  and  the  Action  at 
Heat  in  the  Smelting  Furnace.    By  I.  Ahuoub,  C.E.     is.  td-t 

166.  POWER  IN  MOTION:  Horse-Power,  Toothed- Wheel  Gearing, 

LougandSbonDrivingBandi, and  Angular  Forces.  ByLAHMDUii,  ]E.6d.t 

167.  IRON   BRIDGES,     GIRDERS,    ROOFS,    AND     OTHER 

WORK.S.    Hy  Fbiwis  Caupih,  C.R.    h.  6d,t 
171.  THE      WORKMAN'S     MANUAL     OF     ENGINEERING 

DRAWING.    My  John  Maxton,  Engineer.    Foarlh  Edition.    Iltuitraled 

Kilh  7  Plaua  and  nearly  tu> Woodcuts.  3s.  6d4 
190.  STEAM    AND    THE    STEAM   ENGINE,  Sutionary   and 

Portable.    Being  an  eiteniion  of  Mr.  John  Sewcll'i  "  Treatiie  on  gteam." 

By  D.  K.  Clark,  M.I. C.E.    Second  EditioB,  revised,    ji.  6d.t 
100.  FUEL,   its  Conibustian  and  Economy.      By  C.   W.  Williams. 

A.I.C.E.  With  eitensive  additioni  on  Recent  Practice  in  the  Combustion 
and  Ecnnomy  of  Fuel-Coal.  Coke,  Wood,  Feat,  Petroleum,  ftc— by  U.  K. 
ClAltK,  M.l.C.E.    and  Edition.     }s.  6d.t 

»i.  LOCOMOTIVE  ENGINES.    By  G.  D.  Dhmpsey,  C.E. ;  with 

large  additions  by  D.  Kinhkah  Clark.  M.I.C.E.    js.I 
211.  THE  BOILERMAKER'S   ASSISTANT  in   Drawing,   Tem- 
plaling,  and  CalculalingBoiler  and  Tank  Work.     By  Johm  Co«bim», 
Practical  Boiler  Maker.  Edited  by  D.  K.  CURK.  C.E.    too  Illultralions.  ». 

ai6.  MATERIALS  AND  CONSTRUCTION i  A  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  afWorks  of  Con. 
Jtraelinn.   By  FRA~r«  Cah«».  C.E.    Js.t  IJuil  failizJud. 

311.  SEWING  MACHINERY:  a  Manual  of  Ihe  Sewing  Machine; 

tor  Adjilsi'Si.g,  «.c?°  By'l.'w!  UsounARr,  C.E.    is.t 
tlj.  MECHANICAL    ENGINEERING.      Comprising  Melallurgy, 

Moulding,  Calling,  Forging.  Tools,  Workshop  Machinery,  ManalactnrB  nf 
(be  Ste:iRi  Engine,  9,c.    By^RANns  Cahpih,  C.E.    is.  6d.t 
114.  COACH   BUILDING.    A    Practical    Treatise,    Historical    and 

Descriptive,  containing  full  information  of  the  various  Trades  and  Pnicejsei 
involved,  with  Hints  on  the  proper  Keeping  of  Carriage!.     By  J.  W. 


^  TMtX  indk-ala  Ihal  iktu  vfU.  fm-jr  be  had  strsn^ly  iKnni  t'  6rf.  fx/ns. 
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weale's  rudimentary  series. 


SHIPBUILDING,   NAVIGATION,  MARINE 

ENGINEERING,   ETC. 

51.  NAVAL  ARCHITECIURE,  the  Rudiments  of;  or  an  Exposi- 
tion  of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  By 
Jambs  Pbaxb,  School  of  Naval  Architecture,  H.M.  Dockyard,  Portsmouth. 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams,  ts.  6d.4 
53».  SHIPS  FOR  OCEAN  AND  RIVER  SER  VICE,  Elementery 
and  Practical  Principles  of  the  Construction  of.  By  Hakon  A.  Sommbk- 
PBLDT,  Surveyor  of  the  Royal  Norwee^ian  Navy.  With  an  Appendix,  xs.  6d. 
53«».  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 
large  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54,  MASTING,  MASTMAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks;  Chain, 
Wire,  and  Hemp  Ropes,  8cc.,  relative  to  every  class  of  vessels.  With  an 
AppMidiz  of  Dimensions  of  Masts  and  Yards  ofthe  Royal  Navy.  By  Robbrt 
KrppiNG,  N.A.  Fourteenth  Edition.  Illustrated,  as.t 
S4».  IRON  SHIP'BUILDING,  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
sulting Engineer  and  Naval  Architect,  sth  Edition,  with  Additions.  4s. 
54»».  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  Frigates 
"Warrior,"  "Hercules"*  "  Bellerophon  ; "  H.M.  Troop  Ship  "Serapis," 
Iron  Floating  Dock,  &c.,  &c.    4to,  boards.    38s. 

55.  THE  SAILOR* S  SEA  ROOK:  sl    Rudimentary  Treatise    on 

Navij^tion.  Part  I.  Huw  to  Keep  the  Log  and  Work  it  off.  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  Jambs  Grbknwood.  B.A.  To 
which  are  added,  the  Deviation  and  Error  of  the  Compass ;  Great  Circle 
Sailing ;  the  International  (Commercial)  Code  of  Signals :  the  Rule  of  the 
Road  at  Sea;  Rocket  and  Mortar  Apparatus  for  Saving  Life ;  the  Law  of 
Storms;  and  a  Brief  Dictionary  of  Sea  Terms.  With  numerous  Woodcuts 
and  Coloured  Plates  of  Flags.  rJew,  thoroughly  revised  and  much  enlarged 
edition.     Hy  W.  H.  Kossbr.    as.  6d.t 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  Treatise 

on.  Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  Rorbrt  Murray,  C.E., 
Engineer-Surveyor  to  the  Board  of  Trade.  With  a  Glossary  of  Technical 
Terms,  and  their  Equivalents  in  French.  German,  and  Spanish.  Seventh 
Edition,  revised  and  enlargred.    Illustratea.    $s.t 

S^bis.  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 
ally Derived,  on  some  of  the  Principles  regfulating  Ship-huilding.  By  W, 
BiJ^ND.  Seventh  Edition,  revised,wlth  numerous  Illustrations  and  M(Kie1s.xs.6d. 
99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  With  Attempts  to  facilitate  the  Finding  of  the  Time  and  the 
Longitude  at  Sea.  By  J.  K.  Young,  formerly  Professor  of  Mathematics  in 
Belfast  College.    Illustrated.    2s.  6d. 

100*.  TABLES  intended  to  facilitate  the  Operations  of  Navigation  and 
Nautical  Astronomy,  as  an  Accompaniment  to  the  above  Book.  By  J.  R. 
Yoi'NO.     IS.  6d. 

106.  SHIPS*  ANCHORS,  a  Treatise  on.  By  G.  Cotskll,  N.A.    is.  6d. 

149.  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also,  Weights 
and  Sizes  of  Ropes  :  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  8cc.,  S^c. 
Eleventh  Edition,  enlarged,  with  an  Appendix.  By  Robbrt  Kipping,  N  JV., 
Sailmaker,  Quayside,  Newcastle.    Illustrated,    ss.  6d.t 

155.  THE  ENGINEER* S  GUIDE  TO  THE  ROYAL  AND 
MERCANTILE  NAVIES.  By  a  Practical  Enginbbr.  Revised  by  D. 
F.  M'Carthv,  late  of  the  Ordnance  Survey  Office,  Southampton.    3s. 

55    PRACTICAL    NAVIGATION      Consisting    of   The    Sailor's 

^      Sea>Book.     By  Jambs  Grbbnwood  and  W.  H.  Rossbr.     Toj^ther  with 

aod.     ^^^  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 

*"t«    Problems.^  By  Hknry  Law,  C.E.,  and  J,  R.  Young,  formerly  Professor  of 

Mathematics  m  Belfast  College.    Illustrated  with  numerous  Wood  Kngrav> 

ings  and  Coloured  Plates.    7s.    Strongly  half-bound  in  leather. 

The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  tti,  extra, 
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weale's  rudimentary  series. 


PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

I.  CHEMISTR  y;  for  the  Use  of  Beginners.    By  Professor  Georob 

FowNBS,  F.R.S.     With  as  Appendix  on  the  Application  of  Chemiitiy  to 

Agriculture,    xs. 
a.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of;  for 

the  Use  of  Beginners.    By  C.  Tomlinson,  Lecturer  on  Natural  Science  in 

King's  College  School,  London.    Woodcuts,    xs.  6d. 
4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  Properties 

of  Minerals.    By  A.  Ramsay,  Jun.    Woodcuts  and  Steel  Plates.    3s.t 

6.  MECHANICS,  Rudimentary  Treatise  on;   being   a  concise  Ex- 

position of  the  General  Principles  of  Mechanical  Science}  and  their  Applica- 
tions.    By  Charles  Tomlinson.    Illustrated,    is.  6d. 

7.  ELECTRICITY ;   showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  appliea.    By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.     With  Additions  by  R.  Sabine,  C.E.,  F.S.A.    xs.  6d. 
7*.  GALVANISM,  Rudimentary  Treatise  on,  and  the  General  Prin- 
ciples of  Animal  and  Voltaic  Electricity.    By  Sir  W.  Snow  Harris.    New 
Edition,  with  considerable  Additions  by  Kobert  Sabine,  C.E.,  F.S  A.    xs.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  the.  General  Prin- 

ciples of  Ma^etical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  Snow  Harris.  New  Edition,  revised  and  enlarged  by  H.  M. 
NoAD,  Ph.D.,  Vice-President  of  the  Chemical  Society,  Author  of  "A 
Manual  of  Electricity."  Ice,  «tc.    With  165  Woodcuts.    3s.  6d4 

II.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  By  K.  Sabine,  C.E.,  F.S.A.    3s. 
12.  PNEUMATICS,    for    the     Use    of    Beginners.     By   Charles 

Tomlinson.    Illustrated,    is.  6d. 
72.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 

Fossil  Shells.    By  Dr.  S.  P.  Woodward,  A.L.S.    Fourth  Edition.    With 

Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.     With  numerous  Plates  and  300 

Woodcuts.    6s.  6d.    Cloth  boards,  7s.  6d. 
1^*"^.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Description  of 

the  Stereoscope,  8tc.    Translated  from  the  French  of  D.  Van  Monckhovbn, 

by  W.  H.  Thornthwaite,  Ph.D.    Woodcuts,    xs.  6d. 

96.  ASTRONOMY.     By  the  Rev.  R.  Main,  M.A.,  F.R.S.,  &c. 

New  Edition,  with  an  Appendix  on  "Spectrum  Analysis."  Woodcuts,  xs.  6d. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  Baker,  C.E.  xs.  6d. 
138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition,  revised  and 
enlarged  :  to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TCLEGRAPHY,  for  the  Use  of  Students, 
by  W.  McGregor,  First  Assistant  Supnt,  Indian  Gov.  Telegraphs.    3s.t 

143.  EXPERIMENTAL    ESSAYS,      By    Charles    Tomlinson. 

I.  On  the  Motions  of  Camphor  on  Water.    II.  On  the  Motion  of  Camphor 
towards  the  Light.   III.  History  of  the  Modem  Theory  of  Dew.  Woodcuts,  xs. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "Rudiments  of  Geology."  By  Ralph  I  ATE,  A. L.S.,&c.  Woodcuts,  as. 

174.  HISTORICAL    GEOLOGY,    parUy    based    on    Major-General 

Portlock's  "  Rudiments."  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts,  as.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

&        Historical.    Partly  based  on  Maior-General  Portlock's  **  Rudiments  of 

174.     Geology."    By  Ralph  Tate,  A.L.S.,  F.G.S.,  8tc.    In  One  Volume.  4s.  6d.t 

183   ANIMAL  PHYSICS,  Handbook  of.     By  Dr.  Lardner,  D.C.L., 

^        formerly  Professor  of  Natural   Philosophy  and  Astronomy  in   University 

College,  Lond.   With  520  Illustrations.    In  One  Vol.    7s.  6a.,  cloth  boards. 


184. 


Sold  also  in  Two  Paris^  as  follows  : — 


X83.     Animal  Physics.    Hy  Dr.  Larunbr.    Part  I.,  Chapters  I. — VII.    4s. 

X84.     Animal  Physics.    By  Dr.  Lardner.    Part  IL,  Chapters  VIII.— XVIII.  js. 

The  X  indicafes  thai  these  vols,  may  be  had  strongly  bound  at  6d,  extra. 
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8  wealb's  rudimentary  series. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatiae  oik  with  and  without  the  Magnetic  Needle.  By  Thomas  FkNWiCK, 
Surveyorot  Mines,  and  Thomas  Baker,  C.E.    Illustrated,    as.  6d.t 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts,    as.  6d.t 

134.  METALLURGY  OF  SILVER  AND  LEAD.     A  Description 

of  the  Ores ;  their  Assay  and  Treatment,  and  valuable  Constituents.    By  Dr. 
R.  H.  Lamborn.    Woodcuts,    as.  6d4 

135.  ELECTRO-METALLURGY;  Practically  Treated.     By  Alex- 

ander Watt,  F.R.S.S.A.    7th  Edition,  revised,  with  important  additions, 
including  the  Electro-Deposition  of  Nickel,  &c.    Woodcuts,    js.t 

172.  MINING  TOOLS,  Manual  of.    For  the  Use  of  Mine  Managers, 
Agents,  Students,  8ic.    By  William  Morgans,    as.  6d.t 
I72».  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  aj5  Illustrations,  drawn  to  Scale.   4to.    4s.  6d. ;  cloth  boards,  6s. 

176.  METALLURGY  OF  IRON.  ConUiniug  History  of  Iron  Manu- 
facture, Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel.  &c.  By  H.  Baubrman,  F.G.S.  4th  Edition.  4s.  6d4 

180.  COAL  AND  COAL  MINING,   A    Rudimentary  Treatise   on. 

By  Warington  W.  Smyth,  M.A.,  F.R.S.  Fifth  Edition,  revised  and 
enlarged.  With  numerous  Illustrations.  3s.  6d.t 
195.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments ;  also  the  Correct  Principles  of  Laying  out  and  Valuing  Mineral 
Properties.    By  William  Lintern.  Mining  and  Civil  Engineer,     vi.  6d.t 

214.  SLATE  AND  SLATE  QUARRY  I NG,%Q\ftTMiic,Vx9sX\f:ai,  and 

Commercial.     By  D.   C.  Davies,   F.G.S.,  Mining  Engineer,  8ic.     With 
numerous  Illustrations  and  Folding  Plates,     is.t 

215.  THE  GOLDSMITH'S  HANDBOOK,  containing  full  Instruc- 
tions for  the  Alloying  and  Working  of  Gold.  By  George  E.  Gee,  Goldsmith 
and  Silversmith.  Second  Edition,  considerably  enlarged,  js.^ 

225.  7 HE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 
'structions  for  the  Alloying  and  Working  of  Silver.   By  Gborge  E.  Gke.    \%.X 

220.  MAGNETIC  SURVEYING,  AND  ANGULAR  SURVEY- 
ING,  with  Records  of  the  Peculiarities  of  Needle  Disturbances.  Compiled 
from  the  Results  of  carefully  made  Experiments.  By  William  Lintekn, 
Mining  and  Civil  Engineer  and  Surveyor,    as. 

FINE   ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.      Adapted    to    Young 

Students  and  Amateurs  in  Arrhitectiiro.  T*,-iinfine.  8tr,    lU'(TKr»Rr,K  Pynb.  2"-. 

40    GLASS  STAINING,  AND   THE  ART  OF  PAINTING  ON 
^dl,     GLASS.    From  the  German  of  Dr.  Uhssf-Ki  and  Kmajjuel  uihj  tkuw- 
HHwr..     With  .11-  Appi'nilix  on  The  Art  "V  ENAMr.Li.'NG.     2s.  6d. 
69.  MUSIC,    A    Rudimentary    and    Practical    Treatise    on.       With 

numerous  Examples.    By  Charles  Child  Spencer,    as.  6d. 
71.  PIANOFORTE,  The  Art  of  Playing  the.     With  numerous  Exer- 
cises &  Lessons  from  the  Best  Masters.    By  Charles  Child  Spbxcer.    js.od. 
69-71.  MUSIC  AND   THE  PIANOFORTE.    In  one  volume.     Half 

bound,  5s. 

181.  PAINTING  POPULARLY  EXPLAINED,   including  Fresco, 

Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivorv,  Vellum,  Potter)',  Enamel,  Glass.  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Timbs,  F.S.A.    Fourth  Edition,  revised  and  enlarged.    %%.% 

186.  A  GRAMMAR  OF  COLOURING,  applied  to  DecoraHve 
Painting  and  the  Arts.  By  Gborge  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.    With  two  new  Coloured  Diagrams,  8cc.    js.J 

The  %  indicates  thai  these  vols,  may  be  had  strongly  l>ound  at  (>d.  extm. 
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AGRICULTURE,  GARDENING,  ETC. 

66.  CLAY  LANDS  ^  LOAMY  SOILS.   By  Prof.  Donaldson,    is. 

\iu  MILLER'S,  MERCHANTS,  AND  FARMER'S  READY 
R£CKONER,  for  ascertaining  at  sight  the  value  of  any  quantity  of  Com, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  price,  from  i^i  to 
3^  per  Qr.     With  approximate  values  of  Millstones,  Millwork,  &c.     is. 

140.  SOILS,  MANURES,   AND   CROPS,    (Vol.   i.  Outlinks  of 

MoDSRN  Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s. 

141.  FARMING  &*  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.  Outlines  op  Modern  Farming.)  By  R.  Scott  Burn.  3s. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES,      (Vol.    3. 

Outlines  op  Modern  Farming.)    By  R.  Scott  Burn.  Woodcuts.    2s.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.     By 

R.  Scott  Burn,  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  Outlines 
of  Modern  Farming.)    Woodcuts.    2s. 

146.  UTILIZATION     OF     SEWAGE,      IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  ^.  Outunes  of  Modern 
Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s.  od. 
%•  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "Outlines  of 
Modern  Farming."    By  Robert  Scott  Burn.    Price  X2s. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Brbuil.  Revised  by  Geo.  Glenny.  187  Woodcuts.  3s.  6d.t 

198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C,  8cc.  Fourth  Edition, 
enlarged,  including  Specimens  of  New  and  Improved  Breeds,    js.  6d4 

201.  KITCHEN  GARDENING  MADE  EASY,     Showing  how  to 

tireparc  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 
Vegetable  and  Herb,  with  full  cultural  directions,  &c.  By  George  M.  F. 
Glknnv.    !s.  6d.J 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation of  Fatyn  Labour:  Treating  of  the  General  Work  of  the  Farm ;  Field 
and  Live  Stock;  Details  of  Contract  Work;  Specialities  of  Labour,  &c.,  &c. 
By  Robert  Scott  Burn.    2s.  6d.? 

208.  OUTLINES   OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Farm  Buildings, 
Irrigation,  Drainage,  8cc.    By  R.  Scott  Burn.    2s.  6d4 
%•  Nos.  207  6f  208  in  One  Vol.,  handsomely  half-hound,  entitled  '*  Outlines  of 
Landed  Estates  and  Farm  Management.      Bv  R.  Scott  Burn.    Price  6*. 

209.  THE   TREE  PLANTER  AND   PLANT   PROPAGATOR. 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  Pot- Herbs,  8cc.  By  Samuel  Wood. 
Illustrated.    2s4 

210.  THE  TREE  PRUNER.    A  Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation  ;  also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.     By  Samuel  Wood.    2s.« 
•«•  Nos.  209  <5^•  210  tn  One  Vol.,  handsomely  half-bound,  entitled  *'  Tub  Tree 
Planter,  Propagator  and  Pruner.''    By  Samuel  Wood.    Price  $s. 

219.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c., 
forming  a  complete  Calculator  and  Ready- Reckoner,  especially  adapted  to 
persons  connected  with  Agriculture.    Fourth  Edition.   By  Joh.n  Steele.  2s. 

222.  SUBURBAN  FARMING.  The  Laying-out  and  Cultivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs.     Hy  Prof.  Iohn  Donaldson  ijnd  R.  Scott  Burn.    3s.  6a.J 

231.  THE  ART  OF  GRAFTING  AND  BUDDING,    By  Charles 

Bal'KT.     With  Illustrations.     2s.  6d.t  \yust  Published. 

111.  COTTAGE  GARDENING ;  or,  F  owers.  Fruits,  and  Vegetables 
for  Small  (hardens.     By  E.  Hobday,    is.  6d.  [Just Published. 

233.  GARDEN  RECEIPTS.    Edited  by  Charles  VV.  Quin.    is.  6d. 

\y$tst  published. 
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ARITHMETIC,   GEOMETRY,  MATHEMATICS, 

ETC. 
33.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 

their  Construction  and  the  Methods  of  Testing,  Adjustinr,  and  Usinsr  them 
are  concisely  Explained.  By  J.  F.  Hbathbr,  M.A.,  of  the  Rosral  Military 
Academy,  Woolwich.    Original  Edition,  in  x  vol.,  Illustrated,    is.  6d. 

%•  in  ordering  ikt  abcve^  becarefuUo  *ay^  "  Ortsinal  Edition  *•  {Non  31),  to  disiin' 
guisk  it  from  the  Enlarged  Edition  in  %  vols.  {Alos.  x68-9-70.) 

60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on: 
with  all  the  Modem  Improvements.  Arranfred  for  the  Use  of  Schools  and 
Private  Students;  also  tor  Practical  Land  Surveyors  and  Engineers.  Hy 
T.  Rakbr.  C.E.  New  Edition,  revised  by  Edward  Nuobnt,  C.E.  Illus- 
trated with  Plates  and  Diagrams.    2s.t 

b\:  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 
LAND.  Ky  Abraham  Arman,  Schoolmaster,  Thurleigh,  Beds.  To  which 
is  added  a  Table,  showing  the  Price  of  Work,  from  ss.  6d.  to  j^i  per  acre,  and 
Tables  for  the  Valuation  of  Land,  from  zs.  to  j{^i,ooo  per  acre,  and  from  one 
pole  to  two  thousand  acres  in  extent,  &c.,  8cc.    is.  6d. 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  MoNGB.  To  which  is  added,  a  description  of  the  Principles  and_  Practice 
of  Isometrical  Projection ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.  By 
J.  F.  Hrathbr,  M.A.    Illustrated  with  14  Plates,    as. 

178.  PRACTICAL    PLANE    GEOMETRY:    giving   the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  ana  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Hbathbr,  M.A.  With  2x5  Woodcuts,   as. 

179.  PROJECTION :  Orthographic,   Topographic,   and  Perspective: 

S'iving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
ingle  Plane  Surface.    By  J.  F.  Hbathbr,  M.A.  [In  preparation. 

*«*  The  aSove  three  volumes  will  form  a  Complbtb  Elbmb.vtary  Coursb  of 

Mathematical  Drawing. 

83.  COMMERCIAL  BOOK-KEEPING,    With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  Jambs  Hadoom, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    xs.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  llieoretical  Principles,  and  numerous  Examples  for  Practice.  For 
the  Use  of  Schools  and  for  Self- Instruction.  B^  J.  R.  Young,  late  Professor 
of  Mathematics  in  Belfast  College.    New  Edition,  with  Index,     xs.  6d. 

84*.  A  Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  t<»rcther 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.     By  J.  R.  Young,    xs.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 
gc\   Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 

which  all  Calculations  may  be  greatly  faciliuted.    By  W.  Hipslby.    as. 

86.  ALGEBRA,    the   Elements    of.      By  James  Haddon,  M.A., 

Second  Mathematical  Master  of  King's  College  School.  With  Appendix, 
containing  miscellaneous  Investigations,  and  a  Collection  of  Problems  in 
various  parts  of  Algebra.  2s. 
86*.  A  Kby  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved '  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  Especially  adapted  for  Self-Instruc- 
tion.   By  J.  R.  Young,    xs.  6d. 

88.  EUCLID,  The  Elemeptts  of  :  with  many  additional  Propositions 
80      and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.    By  Hbnry  Law,  C.E.    2s.  6d4 

•«•  Sold  also  separately,  viz.  : — 

88.  Euclid,  The  First  Three  Books.    By  Hbnry  Law,  C.E.    xs.  6d. 

89.  EucuD,  Books  4,  5,  6,  ix,  X2.    By  Hbnry  Law,  C.E.    xs.  6d. 
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Arithmetic,  Geometry,  Mathematics,  eic.^  continued. 

90.  ANALYTICAL    GEOMETRY  AND    CONIC    SECTIONS, 

a  Kndimentary  Treatise  on.  By  Jambs  Hann,  late  Mathematical  Master  of 
Kine's  College  School.  London.  A  New  Edition,  re-written  and  enlarged 
by  J.  R.  YouNO,  formerly  Professor  of  Mathematics  at  Belfast  College.    2i.X 

91.  PLANE    TRIGONOMETRY,  the    Elements   of.     By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,    xs.  6d. 

92.  SPHERICAL  TRIGONOMETR  K,  the  Elements  of.    By  James 

Hann.    Revised  by  Charles  H.  Dowuno,  C.E.    xs. 
%•  Or  with  "  The  Elemenis  0/ Plane  Trigonometry ;'  in  One  Volunu,  2*.  6d. 

93.  MENSURA  TION  AND  MEASURING,  for  Students  and  Prac- 

tical Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modem  Engineering.  By  T.  Baker,  C.E.  New  Edition,  with  Corrections 
and  Additions  by  E.  Nugent,  C.E.     Illustrated,     is.  6d. 

102.  INTEGRAL   CALCULUS,  Rudimentary  Treatise  on  the.     By 

Homersham  Cox,  B.A.    Illustrated,    is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  James  Hann, 

late  of  Kingf's  College,  London.    Illustrated,    is. 

loi.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 

WooLHousK,  F.R.A.S.,  «tc.    is.  6d. 
105.  MNEMONICAL    LESSONS. --Geomjstky,    Algebra,    and 

Trigonombtrv,    in    Easy  Mncmonical    Lessons.      By  the   Rev.  Thobias 

PRNYNGTON    KiRKMAN,   M.A.      IS.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 
Instruction.  By  Jambs  Haudon,  M.A.  Revised  by  Abraham  Arman. 
IS.  6d. 

X37.    A  Key  to  Haddon's  Rudimentary  Arithmetic.    By  A.  Arman.    xs.  6d. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS,    Includ- 

ing— I.  Instruments  emplm-ed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Heather,  M.A.,  late  of  tne  Royal 
Military  Academy.  Woolwich,  Author  of"  Descriptive  Geometry,"  &c..  Sec. 
Illustrated,     is.  6a. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especiaUy)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plant 
by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 

170.  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.   II.  Instruments  Employ^  in  Astronomical  Observa- 
tions.   By  I.  F.  Heather,  M.A.    Illustrated,     is.  6d. 
%•  TAe  abot/e  three  volumes  form  an  entargefnetit  of  the  Author's  original  wori. 
'*  Mat henuitical  Instruments:  their  Construction^  Adjustment,  Testing,  and  Use, 
the  Thirteenth  Edition  of  which  is  on  sale,  pHce  is.  6d.  {See  No.  32  in  the  Series.) 

r6S.^  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

169.  >  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3  Parts  as 
I70.y  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.t 

158.  THE  SLIDE  RULE,  AND  HOfV  TO  USE  IT;    containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapiaity  and  accuracv.  By  Charles  Hoake,  C.£.  With  a 
Slide  Rule  in  tuck  of  cover,    as.  6d.t 

185.  THE  COMPLETE  MEASURER  ;  setting  forth  the  Measure- 

ment  of  Boards,  Glass,  8cc.,  &c. ;  Unequal -sided.  Square-sided.  OctaTOnal- 
sided,  Round  Timber  and  Stone,  and  .Standing  Timber.  With  a  Table 
showing  the  solidity  of  hewn  or  eight-sided  timber,  or  of  any  octagonal- 
sided  column.  Compiled  for  Timber-gprowers,  Merchants,  and  Surveyors, 
Stonemasons,  Architects,  and  others.  By  Richard  Horton.  Fourth 
Edition,  with  valuable  additions.    4s. ;  strongly  bound  in  leather,  5s. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.    By  Ftf dor  Thoman.    4S.t 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued, 

199.  INTUITIVE  CALCULATIONS;  or.  Easy  and  Compendious 
Methods  of  Performing  the  T^rioiu  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions^  together  with  Foil  Explanations  of 
Decimals  and  Duodecimals,  several  Us^fnl  Tables,  ftc  Hr  DaitiEi. 
O'GoRMAM.  Twenty-fifth  Edition,  corrected  and  enlarged  by  J.  K.  Youkg, 
formeHy  Professor  of  Mathematics  in  Belfut  College,    js.^ 

204.  MATHEMATICAL  r^^Zi^.s;  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  TogeUier  with  a  S«ies  of  Tables  for  Navieation 
and  Nautical  Astronomy.  ByJ*  K.  Young,  formerly  Professor  of  Mathe* 
matics  in  Belfast  College.    New  Edition,     ts.  6d.t 

221.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA^ 
T/ONS,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  By  W.  S.  B.  Woolhousb,  F.R.A.S.,  F.S.S.  Sixth  Edition, 
carefully  revised  and  enlarged.    2s.t 

227.  MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Matliematical  Investi* 
fation,  by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples;  also  the  Methods  of^ Analysing  Principles  and  De- 
ducing Rules  and  Formula;,  applicable  to  the  Requirements  of  Practice. 
By  Fkancis  Campin,  C.E.,  Author  of  "Materials  and  Construction,"  &c. 
Second  Edition,  revised  and  enlarged  by  the  Author.    js.t  [yuit published. 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHyE- 
OLOGY,  the  FINE  ARTS,  (^.  By  TohnWbalb.  Fifth  Edition.  Revised 
by  RoBBRT  Hunt,  F.R.S.,  Keeper  of  Mining  Records.  Numerous  Illus- 
trations. 5s.  cloth  limp  ;  6s.  cloth  boards. 
50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND   SER- 

VICES.    By  David  Gibbons.    Third  Edition,  enlarged.    \%.X 
112.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.  Gooding, 
B.A.,  M.D.    Intended  as  a  Family  Guide  in  all  Cases  of  Accident   and 
Emergency.    2«.t 
II2*.  MANAGEMENT  OF  HEALTH,     A  Manual  of  Home  and 
Personal  Hygiene.    By  the  Rev.  James  Baird,  B.A.     is. 
150.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmens.      is.  6d. 
\^x.  SELECTIONS    FROM    LOCKE'S     ESSAYS     ON     THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmbns.    2s. 
154.  GENERAL  HINTS  TO  EMIGRANTS.     Containing  Notices 
of  the  various   Fields  for  Emigration.      With   Hints  on   Preparation   for 
Emigrating,  Outfits,  &c.,  &c.    With   Directions  and  Recipes  useful   to  the 
Emigrant.    With  a  Map  of  the  World,    as. 

157.  THE  EMIGRANT'S  GUIDE  TO  NATAL.  By  Robert 
Jambs  Mann,  F.R.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.    Map.    as. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 

Guidance  of  Officers  Preparing  for  Promotion,  and  especially  adapted  to  the 
requirements  of  Heginners.  Hy  Major  W.  W.  KNOLLYS,  F.R.G.S.,  93rd 
Sutherland  Highlanders,  &c.     With  163  Woodcuts,     js.t 

194.  THE  HOUSE    MANAGER:  Being  a  Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Preserving,  Household  Work.  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home-brewing 
and  Wine-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable 
Kronomy,  Gardening  Operations,  8tc.     By  An  Old  Hol'Sekkbper.    3s.  6d.t 

194.  HOUSE  BOOK  {The).  Comprising  :— I.  The  House  Manager. 
112.      Bv  an  Oi.n  Housbkekper.    II.  Domestic  Medicine.    By  Ralph  Goodino, 

M.D.    III.  Management  of  Health.    By  Jambs  Baird.     In  One  Vol., 

strongly  half-bound.    6s. 
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EDUCATIONAL  AND   CLASSICAL  SEBIES. 

HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Prepress  of  the  English  Constitution,  By 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Iklajesty's  Public  Record 
Office.    4th  Edition,  revised.    5s. ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
of  University  College,  London,  and  Edwakd  Lbvibn,  M.A.,  of  Balliol 
College,  Oxford.    2s.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Lbvien,  of  Balliol  College,  Oxford.  Map,  2s.  6d. ;  cl.  bd«.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Conclusion  of  the  Franco>German  War. 
The  Continuation  by  W.  D.  Hamilton.  F.S.A.    3s. ;  cloth  boards,  3s.  6d. 

50.  Dates  and   Events  in   English   History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Kev.  E.  Rand.    X3« 

ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the   English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydb 
Clarke,  D.C.L.    Fourth  Edition,    is.  6d. 

II*.  Philology  :  Handbook  of  the  Comparative  Philology  of  English, 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Piatt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.    By  Hydb  Clarkb,  D.C.L.    is. 

12.  Dictionary  of  the  English    Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hydb  Clarkb,  D.C.I*. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  u.6d. 

48.  Composition    and    Punctuation,   familiarly  Explained   for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brrnan. 
17th  Edition,     is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French*  S]>anish, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation. 
Hy  J.  KowBOTHAM,  F.R.A.S.    Improved  Edition,     is.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translatcdfrom  the  French.  7th  Edition,  carefully  corrected.  2S.6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. First  Book  of,  for  Schools.  By  J.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,    is. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  Edgar  Rand,  B.A.     is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Briet  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Notation.    By  Wm.  W.  Pink  and  Gborgb  E.  Wbbster.    as. 

THE    SCHOOL    MANAGERS'    SERIES   OF   READING 

BOOKS, 

Adapted  to  the  Reouirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely ;  formerly  H.M.  Inspector 
of  Schools. 

Introductory  Primbr,  3</. 

s.  d. 
Fourth  Standard  .  ..12 
Fifth  „  ...    1      6 

Sixth  „  ...16 

Lbssons  from  the  Biblb.    Part  I.    Old  Testament,    is. 
Lessons  from  the  Biiilb.     Part  II.     New  Testament,  to  which  is  added 
The  GKOORArHY  of  the  Bible,  for  very  younjf  Children.    By  Rev.  C. 
Thornton  Forstkr.     is.  2d.    %•  Or  the  Two  Parts  in  One  Volume,   as. 
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First  Standard  .06 

Second      „  .       .    o  zo 

Third         „  .        .    x    o 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concbe  Roles  on  the 

Genders  of  Freoch  Nonnt.    By  G.  L.  Sthauss,  FI1.D.    u.  6d. 
35*  French-English  Dictionary.    Comprisiag  a  large  number  of 

New  Terms  used  io  Eanpeerins,  liininc  ftc.    By  Altkbd  Slwu.    is.  6d. 

26.  English-French  Dictionary.    Bv  Alfrkd  £L¥rE8.    ss. 
35,26.  French  Dictionary  (as  above).    Complete,  in  One  VoL,  3s. ; 

doth  brwrds,  3s.  6d.    %*  Or  with  the  GaAmiAJi,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book :  contaimns  Intro- 
ductory Lessons,  with  Tnuislations,  several  Vocabniaries  of  Worcb,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialognes.    is.  6d. 

GERMAN. 

39.  German  Grammar.      Adapted   for  English  Students,  from 

Heyse's  Theoretical  and  Practical  urammar,  by  Dr.  G.  L.  SriiAtraa.    is. 

40.  German  Reader:  A  Series  of  Extracts,  carefnUy  cuUed  from  the 

most  approved  Authors  of  Germanir;  with  Notes,  Philological  and  Ex- 
planatory.   By  G.  L.  Strauss,  Ph.D.    is. 

41-43.  German  Triglot  Dictionary.     By  Nicholas  Esterhazt 

S.  A«  Hamilton.  In  Three  Parts.  Part  I.  German-French- English. 
Part  II.  English -German -French.  Part  III.  French-German-Engliah. 
38.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

Sc  39.     Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwes.    is.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfrkd  Elwbs. 
Vol.1.  Italian- Engl ish'French.    2S.  6d. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwes.      VoL  2. 

English-Frcnch-Italian.    2S.  6d. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    Vol.  3. 

Frcnch-Italian-English.    2s.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  7s.  6d. 

32.      Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.    With 

a  Course  of  Exercises.    By  Alfred  Elwes.    is.  6d. 

35.  Spanish-English   and    English-Spanish     Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c., 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwes. 
48. ;  cloth  boards,  58.    •«*  Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese   Grammar,   in    a  Simple  and  Practical   Form. 

With  a  Course  of  Exercises.    By  Alfred  Elwks.    is.  6d. 

56.  Portuguese- English   and    English-Portuguese    Dic- 

tionary, with  the  Genders  of  each  Noun.    By  Alfred  Elwes. 

__^  [/«  prestation, 

HEBREW. 

46*.  Hebre"w  Grammar.    By  Dr.  Bresslau.     is.  6d. 
44.  Hebre'w  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing  the  Hebrew  and  Chaldee  KooU  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Bresslau.  6s. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Bresslau.    3s. 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

40*.      the  Grammar,  cloth  boards.  12s. 
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementaiy 

Principles  of  TransUtion  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,    xs. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.    as. 

22.  English-Latin    Dictionary;   together  with  an  Appendix  of 

French  and  Julian  Words  which  have  their  origin  from  the  Latin.     By  tke 
Rev.  Thomas  Goodwin,  M.A.    xs.  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d.; 
cloth  boards,  4s.  6d.    \*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 
LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Yotmo.  xs.  6d. 

2.  Caesaris  Commentarii  de  fiello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,by  H.  Youwo.    ss. 

3.  Cornelius  N  epos.    With  Notes.    By  H.  Young,    is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.   With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Youno.    is.  6d. 

5.  Virffilii  Maronis  JEneis.     With  Notes.  Critical  and  Explanatory, 

by  H.  Youno.  New  Edition,  revised  and  improved.  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Lkary,  D.C.L.,  lonnerly  Scholar  of  Brasenose 
College,  Oxford.    3s. 

5* Part  1.     Hooks  i.— vi.,  is.  6J. 

5**  " Part  2.    Books  vii. — xii.,  28. 

6.  Horace;   Odes,   Epode,  and  Carmen  Sseculare.     Notes  by  H. 

Youno.    xs.  6d. 

7.  Horace ;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  B&OWN- 

Rioo  Smith,  M.A.,  F.R.G.S.    xs.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.   Notes,  Critical 

and  Explanatory,  by  W.  M.  Donnb,  B.A.,  Trin.  Coll.,  Cam.    xs.  6d. 

9.  Terentil  Andria  et  Heautontimonimenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Daviks,  M.A.    xs.  6d. 

10.  Terentil  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davibs,  M.A.    2s. 

11.  Terentil  Eunuchus,  Comoedia.    Notes,  by  Rev.  J.  Davies,  M.A. 

xs.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Eklited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
Jamks  Davies,  M.A.    xs. 

13.  Ciceronis    Orationes    in    Catilinam,   Verrem,   et    pro    Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  bv  Rev. 
T.  H.  L.  Lkary,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford. 
IS.  6d. 

14.  Ciceronis  Cato  Major,  Lsclius,  Brutus,  sive  de  Senectute,  de  Ami* 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrioo  Smith. 
M.A.,  F.R.G.S.    2s. 

16.  Livy :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.    Part  x.    Books  i.,  ii.,  xs.  6d. 
16*. Part  2.    Books  iii.,  iv.,  v.,  is.  6d. 

17.  Part  J.    Books  xxi.,xxti.,  is.  6u. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge,    as. 

20.  Latin  Prose    Selections,  from  Varro,   Columella,   Vitnivius, 

Seneca,  Quintilian,  Florus,  Velleius  Patcrculus,  Valerius  Maximus  Sueto- 
nius. Apuleiuj,  &c.    Notes  by  W.  B.  Donne,  M.A.    2s. 

21.  Juvenalis  SatiKC.     With  Prolegomena  and  Notes  by  T.  H.  S. 

EscoTT,  B.A  ,  Lecturer  on  l^pic  at  King's  College,  London,    as. 
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The  Odyssby:  Partx.  Books  i.  to  vi.^  xs.  6d 
Part  2.   Hooks  vii.  to  xtt.,  xs.  6d. 


GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  onr  own  day.  By  Hans 
Claudb  Hamilton,    is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 
their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Hbnry  R. 
Hamilton.  Vol.  i.  Greek-English,  2s.  6d.;  Vol.  2.  English-Greek,  28.  Or 
the  Two  Vols,  in  Qne,  4s.  6d. :  cloth  boards,  5s. 

14.15.  Greek  Lexicon  (as  above).    Complete,  with  the  Grammar,  in 

17.  One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.  With  Explanatory  Notes  in  English. 
I.  Greek  Delectus.  Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  byH.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is.  6d. 
2,  3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 
Notes  and  a  Geographical  Register,  by  H.  Young.  Part  i.  Books  i.  to  iii., 
IS.    Part  2.  Boou  iv.  to  vii.,  xs. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young.  •  xs.  6d. 

5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Barumlein. 

With  Notes,  Critical  and  Explanatory,    drawn  from  the  best  and  latest 

Authorities,  with  Preliminary  ObservatioBs  and  Appendices,  by  T.  H.  L. 

Lkarv,  M.A.,  D.C.L. 

TfiK  I1.IAD  :         Part  x.  Books  i.  to  vi.^  xs.6d.        Part  3.   Books  xiii.  to  xviii.,  xs.  6d. 

Part  2.  Books  vii.  to  xii.,  is.6d.       Part  4.   Books  xix.  to  xxiv.,  xs.  6d. 

Part  3.   Books  xiii.  to  xviii.,  is.  6d. 
Part  4.  Books  xix.  te  xxiv.,  and 
Hymns,  as. 
13.  Plato's  Dialogues :    The  Apology  of  Socrates,  the  Crito,  and 
the  Pha?do.    From  the  Text  of  C.  F.  Hermann.    Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    as. 
14-17.  Herodotus,  The  History  of,  chiefly  alter  the  Text  of  Gaisford. 
With   Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Lbarv,  M.A.,  D.C.L. 

Part  I.    Books  i.,  ii.  (The  Clio  and  Eutene),  2S. 

Part  2.     Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2s. 

Part  3.    Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2S. 

Part  4.    Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  CEdipus  Tyrannus.    Notes  by  H.  Young,     is. 

20.  Sophocles:  Antigone.  From  the  Text  of  Dindorf.  Notes, 
Critical  and  Explanatory,  by  the  Rev.  John  Milnbr,  B.A.    2s. 

23.  Euripides :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
DORF.  With  Notes,  Critical  and  Explanatory, 'by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.    IS.  6d. 

26.  Euripides :  Alcestis.  Chiefly  from  the  Text  of  Dindorf.  With 
Notes,  Critical  and  Explanatory^  by  John  Milnbr,  B.A.    is.  6d. 

30.  >Eschy  lus :  Prometheus  Vmctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  Jambs  Davibs,  M.A.    is. 

32.  uEschylus :  Septem  Contra  Thebes :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  Jambs  Davibs,  M.A.    is. 

40.  Aristophanes :   Achamians.    Chiefly  from  the  Text  of  C.  H. 

Wbisb.    With  Notes,  by  C.  S.  T.  Townshbnd,  M.A.    is.  6d. 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Book  i.    is.  •k.T  j   » 

42.  Xenophon's  Panegyric  on  Agesilaus.  Notes  and  Intro- 
duction by  Ll.  F.  W.J  kwitt.    IS.  6d.  . 

43.  I^emosthenes.  The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.  By  Rev.  T.  H.  L.  Lbarv,  D.C.L..  formcriy  Scholar  of 
Brascnosc  CoUeRC,  Oxford.     "•  ^'*^- 
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